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PREFACE

Aftek more than thirty-five years' practical experience of the

manufacture of varnishes, boiled oil, paint, and printing ink,

having followed the progress of this industry and also the

scientific achievements in the domain of the drying oils, I

may, without great presumption, consider myself qualified to

treat of the drying oils, their preparation, and investigation.

My present work contains detailed information as to the

source, extraction, and properties of all oils of any technical

value, as to their treatment for the most varied uses—for

boiled oil, paints, printing ink, oilcloth, and linoleum—my
extensive experience in these matters, and the portion of

chemistry necessary for a general comprehension. Specially

detailed sections are devoted to the preparation of the

liquid and solid siccatives, driers, and substitutes for boiled

oil ; the concluding portions deal with the examination

of the drying oils and boiled oils for adulteration and

suitability for practical purposes. I hope that this work,

which is intended to represent the present state of the know-

ledge of the subject, may meet with friendly reception in

interested circles.

LOUIS EDGAR AND^S.

Vienna, February 1901.
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DRYmG OILS, BOILED OIL, SOLID

AND LIQUID DRIERS

CHAPTER I

GENERAL CHEMICAL AND PHYSICAL PROPEETIES OF THE
DRYING OILS—CAUSE OF THE DRYING PROPERTY

—

ABSORPTION OF OXYGEN— BEHAVIOUR TOWARDS
METALLIC OXIDES, ETC.

The drying oils, like all vegetable fats and oils, are contained

in the seeds and fruits ; they are amongst the most widely

distributed vegetable products. In almost all the tissues

of phanerogams and cryptogams fats and oils occur in small

quantity, generally in the contents of the cells, and rarely in

the cell waU. The oil generally remains in the tissue where

it is formed, and becomes enclosed there ; only rarely does it

break forth in some unknown manner from the place where

it is produced and cover the neighbouring organs by a more or

less thick layer. In small quantity, oil or fat occurs in the

protoplasm of young cells ; in larger amount, it is found as a

constituent of the watery cell sap in the form of small drops

or small spheres together with protoplasm residues, which

are also suspended as granular or slimy masses in the

cell contents. Accompanying the oil or fat in the cells are
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starch granules, aleurone grains, chlorophyll, resinous colouring

mattei's, resin granules, colouring matters dissolved in the

oil, etc. The drops or spheres of fat are as a rule suspended

in the cell sap ; in certain cases, e.g. in the pulp of the olive,

which yields the non-drying olive oil, the drops of oil appear

to be surrounded by a peculiar delicate membrane (" fat-

bladder"). According to the investigations of Sachs, the

aleurone grains so frequently found in oil-bearing seeds are

aggregations of fat and albundn particles. As regards the

formation of fats and oils in the plant cells, almost nothing is

known ; whether the oil or fat is immediately formed from

particles of the protoplasm, or arises from spherical globules

suspended in the cell sap, is not yet known. From the seeds

and fruits the drying oils can be obtained by hot or cold

pressing, or by extraction by readily volatile solvents such as

benzine, carbon bisulphide, etc.

All the drying oils are fluid at the ordinary temperature,

and in different measure for many degrees below 0° C.

Linseed oil is one of the most fluid ; it does not solidify at the

lowest temperatures of our latitudes. The boiling points are

at different high temperatures ; the majority of the oils decom-

pose at the same time. The colours of the oils vary from

pale yellow, bright yellow, and dark yellow to green, the

characteristic colour of hempseed oil. The drying oils differ

also in odour and taste ; many of them, when obtained by cold

pressing, are used as edible oils. Like all fats and oils, the

drying oils are insoluble in water, with which they form

emulsions in the presence of small quantities of alkalis, by

larger quantities of which they are saponified. With the

exception of castor oil, they dissolve only in small quantity in

cold alcohol ; but, on the contrary, are soluble in hot or cold

ether, benzene, petroleum ether, carbon bisulphide, chloroform,

and turpentine. All the drying oils produce grease spots upon

paper ; they burn from a wick with a more or less luminous
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flame, producing larger or smaller quantities of soot. They

dissolve sulphur and phosphorus, and unite with chlorine and

sulphur chloride to form caoutchouc-like substances. Sul-

phuric and nitric acids react violently with the drying oils.

The drying oils, like all vegetable oils, consist of the

neutral glycerin esters (glycerides) of the fatty acids ; they

thus possess the general formula C3H5(OCOK)3, in which E
represents a monovalent carbon radical. They also contain

free fatty acids in larger or smaller quantity.

Maumen(5, and later, Fehling, observed that the rise of

temperature produced when fatty oils are mixed with

sulphuric acid is different for the different oils, and that

the greatest rise occurs with the drying oils. This increase

is with

Olive oil

.

4:2" C.

Sesame oil . . . 68° C.

Castor oil . . .
47° C.

Poppy oil . . .
74°-5 C

Hempseed oil .
98° C.

Walnut oil . . 101° C.

Linseed oil . . 132° C.

In order to obtain comparable results it is necessary

always to work under exactly the same conditions, for the

rise of temperature depends not only upon the nature of

the particular oil, but also upon numerous other conditions

;

thus, upon the quantity and strength of the acid, the

temperatures of the two liquids, the duration of the operation

of mixing, the nature of the vessel, etc. When the tem-

peratures of the oil and acid have been noted, both are

weighed off into small glass vessels and mixed whilst stirring

with a delicate thermometer ; the highest temperature shown

by the thermometer is observed. A peculiar sign of a dry-

ing oil, as opposed to a non-drying oil, is afforded by the

" elaidin test," in which the olein of the oils is converted
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into elaidin by the action of nitrous acid. The non-drying oils

become solid or buttery, the drying oils on the contrary become

pasty or remain unaltered ; this property attbrds a method

for testing tlie purity of an oil, by o))servations of the time

requii-ed for solidification and the colour of the solidified

mass. Linseed, poppy, and walnut oils remain unaltered

;

cottonseed, sunflower, and beech-nut oils become pasty. The

elaidin test is carried out by mixing in a large test-tube, with

continued violent shaking, 10 volumes of oil, 1 volume of

water, and 2 volumes of fuming nitric acid of specific gravity

1'45. After some time a saturated solution of potassium

nitrite is carefully allowed to run down into the test-tube,

the time and manner of the solidification are then observed.

Mulder makes the following statements as to the com-

position of linseed oil : it is a mixture of linolein, as principal

constituent, with olein, palmitin, and myristin ; it has the

following percentage composition :—

•

A. B.

C 76-9 76-8

H 11-1 11-2

12-0 12-0

According to Mulder, poppy oil has the same composition

as linseed oil ; its percentage composition is

C
H
O

Its principal constituent is linolein ; it contains also olein,

myristin, and laurin.

Lefort gives the following as the composition of hempseed

and walnut oils :

—

Hempseed oil. Walnut oil.

C . . . 71-0 70-9 70-6 70-6

H . . . 11-8 11-8 11-6 11-7

. . . 17-2 17-3 17-8 17-7

76-5-76-7 77-2 76-5

11 -5-11 -8 11-4 11-2

11-8 11-4 12*2



Hempseed oil. "Walnut oil.

76-0 76-1 76-0

11-3 11-3 11-2

12-7 12-6 12-8

CHEMICAL AND PHYSICAL PEOPERTIES

whilst Mulder found

C .

H .

O . .

Walnut oil contains olein, myristin, much laurin, also linolein
;

it does not contain stearin or palmitin.

From his investigations of linseed, poppy, and walnut oils

Mulder draws the following conclusions :

—

1. The drying oils which were examined differ in per-

centage composition, and thus cannot be regarded as the same

mixture of the same fats, although they may contain the same

drying principles. Also they cannot have the same com-

position as non-drying oils.

2. Stearin was not found in any of the drying oils

examined. Linseed oil contains a certain quantity of

palmitin and myristin
;

poppy and walnut oils contain

myristin and laurin. Each of the oils mentioned contains

a certain amount of olein. The percentage composition of

the oils accords with these constituents.

3. There are no grounds for recognising any differences

in a pure drying oil of the same species, age, etc., which are

of importance in view of its use by artists and painters.

Mulder called the principal constituent of linseed,

poppy, walnut, and apparently of all drying oils, linolein,

0(311503(032112703)3,^ the important component of which is

an acid, linoleic acid, HO.O32H27O3, which is set free by

saponification.

The Substances produced from linseed oil in drying,

according to Mulder, are

Linoleic anhydride, O32H27O3, a slimy mass like melted

indiarubber.

Linoxic acid, HO.C3.2H25O9, obtained by the oxidation of

1 Old notation, C = 6, = 8.



6 DRYING OILS

linoleic acid in air, either of the free acid or of its compound

with lead oxide. There are two forms of this acid, one

colourless, the other red ; each can be changed into the

other. Heat turns the white acid red, light turns the red

acid white. Alkalis change the white to red, as also strong

acids, by which the amount of combined water is decreased

by one equivalent.

Linoxyn, C32H27OJ1, is a product of the oxidation in air

of linseed, poppy, and walnut oils. Bases transform it into

linoxic acid. By heat it is turned red, but again becomes

white on exposure to light. Thus there are both white and

red modifications of linoxyn. Its constitution is expressed by

the formula 2HO.C32H25O9, which should be compared with

that of linoxic acid. Mulder states that olein or oleic acid is

a constituent of the drying oils ; it produces sebacic acid on dis-

tillation, which is not accompanied by linolein or linoleic acid.

Since the important researches of Mulder, which were

carried out at a tolerably early period (the German transla-

tion of the Dutch original appeared in 1867), the work of

Hazura and Bauer has somewhat altered our knowledge of

the subject. The results are given below, so far as they are

necessary to an understanding of the composition of the

drying oils.

Bauer and Hazura found in hempseed oil as the principal

constituent hempolic acid, which on fusion with caustic

potash at a low temperature produces chiefly myristic, acetic,

and formic acids ; azelaic acid is also obtained in small

quantity. From 1.00 parts of hempolic acid 55 parts of crude

fatty acids were ol)tained, wliicli were regarded as myristic

acid. Tlie cliief product of the oxidation of liempolic acid is

sativlc acid, which forms salts with metals.

Hempolic is an acid of the series C„H2„_402, and accord-

ing to analytical results has the same composition as linolic

acid, C18H32O2.
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Sunflower oil contains principally the glycericles of linolic

acid, CigHggOa, and oleic acid, CigHg^Og. Since the latter is

present in but small amount, the liquid fatty acids of

sunflower oil form the most suitable material for a study

of linolic acid. These acids would be obtained by saponifying

the oil with alcoholic potash, dissolving in water, neutralising

by acetic acid, precipitating with lead acetate, extracting the

lead salts by ether, and decomposing the ethereal solution

by dilute sulphuric acid.

In the course of their investigations Hazura and Bauer

found that linoleic acid is not a single acid, but contains four

different fatty acids. It consists of 80 per cent, of linolenic

acid, CigHgoOg, with isolinolenic acid, CigHgoOg, linolic acid,

C18H32O2, and oleic acid, C^^Hsi^-z- Dilute alkaline solutions

of the liquid fatty acids of linseed oil give, on oxidation by

potassium permanganate, dihydroxystearic acid, Ci8H3402(OH)2,

tetrahydroxystearic (sativic) acid, Ci8H3202(OH)4, linusic acid,

^18^3002(011)6, and isolinusic acid, Ci8H3o02(OH)g, also small

quantities of azelaic acid, C9Hig04, and other lower fatty

acids. In the oxidation of concentrated alkaline solutions,

through breaking up of the molecules, azelaic acid is formed

as the principal product.

In the bromination of the fatty acids of linseed oil are

formed oleic acid dibromide, linolic acid tetrabromide, linolenic

acid hexabromide, and isolinolenic acid hexabromide. The

liquid fatty acids of hempseed, poppy, walnut, and cottonseed

oils are not individual acids, but mixtures' of unsaturated

fatty acids.

The liquid fatty acids of hempseed oil consist chiefly of

linolic acid, CigHggOg, with small quantities of linolenic acid,

C18H30O2, isolinolenic acid, C18H30O2, and oleic acid, CigHsiOg.

The liquid fatty acids of walnut oil consist principally of

linolic, linolenic, isolinolenic, and oleic acids.

The liquid fatty acids of po^jpy oil contain linolic acid as
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principal constituent, considerable quantities of oleic acid, and

very small amounts of linolenic and isolinolenic acids.

The liquid fatty acids of cottonseed oil contain no acid of

the series C^Hgn-cOg ; they consist of two parts of linolic acid

to one part of oleic acid.

According to Hazura, the acids of the drying oils all

behave towards the oxygen of the air in a similar manner.

The rapidity of the oxidation depends on the proportion of

linolic to linolenic acid in the particular oil. The more

linolenic acid is present, the more rapid is the oxidation.

The oxidation, however, does not consist alone in the satura-

tion of the free valencies with oxygen, but oxygen is inter-

posed between carlion and hydrogen, so that the products

contain alcoholic hydroxyl groups. There is no difference

between the oxidation of the acids of the drying oils and of

their salts. When thin layers of these acids are exposed to

the air at the ordinary temperature, or when the temperature

at which the oxidation takes place is about 80° C,

anhydrides are formed at the conclusion of the oxidation.

From the slimy resinous products of oxidation solid sub-

stances are finally formed, which are insoluble in ether, but

are again converted into acids soluble in ether when

heated with alkalis. It is impossible to decide in what

manner these anhydrides are formed ; whether from two

molecules of tlie hydroxy-acids one molecule of the anhydride

is formed, or whether an inner anhydride is produced. In

this connection it is to be noted that, in all processes in

which oils dry, only linolic, linolenic, and isolinolenic acids

participate, since it is known that oleic acid forms no solid

product by oxidation with the oxygen of the air.

Hazura doubts the existence of Mulder's red linoxic acid.

Mulder is incorrect in stating that all the glycerin of linseed

oil is first oxidised and that the oxidation commences with

the glycerin of the glyceride of linoleic acid. Old samples
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of linseed oil have been found to have an acid value of 8 "9

and 12'2
; this shows that oxidation may commence with the

glycerin, but very probably only with that contained in olein,

palmitin, and myristin. Accordingly linohn is oxidised to the

glyceride of hydroxylinolic acid, and there is produced a sub-

stance soluble in ether, which should be called hydroxylinolin,

in order to distinguish it from Mulder's linoxyn. It cannot

be ascertained what happens next, whether by the longer

action of the air this substance is converted into the anhy-

dride of hydroxylinolic acid (Mulder's Hnoxyn), neither can

we say what alterations the free acids, oleic, palmitic, and

myristic, undergo.

The most important property of the drying oils is that,

when exposed in thin layers to air, light, and heat, they dry

to a sohd, elastic skin, and in thick layers or in bulk thicken

so that they become sticky and almost syrupy. By the action

of air alone drying is slow ; it is more rapid when light assists,

and most rapid under the influence of heat ; it takes place with

the greatest ease when certain substances are added to the

oil which facilitate the drying. It was formerly believed that

additions of certain substances, such as metallic compounds

rich in oxygen, assisted drying by giving up oxygen to the

oils at an elevated temperature, so that the fatty acids of the

oils were oxidised to a certain extent, and that the oxidation

thus initiated could then proceed to the point of solidification.

This opinion was accepted for many years ; upon it were

based the different methods for preparing boiled oil. How-

ever, an observation of Chevreul should have been sufficient

to indicate the true theory of oil boihng ; he found that the

oxygen compounds of lead and manganese simply absorb

oxygen from the air and transfer it to the oil. When linseed

oil, which has been treated with manganese, is mixed witli

raw hnseed oil, there results a product which absorbs oxygen

far more rapidly than if each constituent were taken alone.



10 DRYING OILS

Thus there is no doubt that the quantity of oxygen absorbed

in a fixed period of time does not proceed from the manganese

oxide in the oil, because it contains less oxygen than the

manganese oil. The explanation is as follows. The raw oil

absorbs in the same time a larger quantity of oxygen,

because it is offered to the oil under the most favourable con-

ditions ; the oxygen is taken up by the manganese oxide, and

by it transferred to the oil ; in this manner a continuous

conveyance of the oxygen of the air to the manganese oxide,

and thence to the oxidisable constituents of the oil, takes

place.

From his researches on the behaviour of the several con-

stituents of linseed oil in drying, alone and in combination

with metallic oxides, Mulder drew the following conclusions :

—

1. At the ordinary temperature the oxidation of linole'ic

acid, when spread out in a very thin layer, attains a

maximum in several days.

2. Linoleic acid, in combination with lead oxide, is com-

pletely oxidised to linoxyn by contact wdth air ; the pro-

duct is resinous in the free state, but by long contact with

lead oxide becomes hard and brittle.

3. In the drying of linseed oil two periods are to be

distinguished— (a) to the formation of linoxyn (the oil

dries, but remains elastic)
;

(b) the transformation of linoxyn

into a compound containing more oxygen (the layer becomes

brittle, and loses its durability).

4. Linoxyn is the real basis of the durability of all

paints and varnishes ; it remains long unaltered and elastic

when little exposed to sunlight ; the oxidation of linolein in

semi-darkness is considerably slower tlian in the light, but

otherwise is quite the same.

5. The opinion that linseed oil, which has simply been

heated to 70° to 100" C, dries better than ordinary oil, is com-

pletely erroneous.
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6. Strong sulphuric acid makes linseed oil more capable

of absorbing oxygen.

7: Manganese borate is effective because it absorbs

oxygen and readily gives it up again to the oil.

8. The action of litharge is different according as it is

heated with linseed oil or only mixed with it.

9. Linseed oil mechanically refined by treatment with

animal charcoal does not dry more quickly than the raw

oil ; thus raw linseed oil contains no substance which hinders

drying.

1 0. Eed lead and other substances, which give off oxygen,

cause the formation of linoxic acid ; the heavy metallic

oxides only cause the production of linoxic acid compounds

when they are heated with the linseed oil and exposed to

the air.

11. The drying properties of linseed oil which has been

boiled with htharge cannot be increased by simple admixture

with metallic oxides rich in oxygen.

On examining these conclusions two points are especially

evident, which show that Mulder recognised the different

action of different driers. In (7) he says :
" Manganese borate

is effective because it absorbs oxygen and readily gives it up

again to the oil," and he is of the opinion that this substance

causes a peculiar chemical action on the oil. In (8), on the

other hand, " the action of litharge " occurs, and in the argu-

ments upon which the conclusions are based the following

statements are made. The actions of litharge- and red lead

are founded on different principles, both do not act in the

same manner ; the latter can give up oxygen, the former acts

simply as lead oxide. Eed lead paints are known to be very

hard ; in fact, red lead gives off" oxygen, and lead linoxate is

produced. At the ordinary temperature litharge has not the

property of hardening linseed oil ; red lead thiis acts partially

as lead oxide and partially as an oxidising agent. Litharge
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differs in its action according as it is boiled with linseed oil

or simply mixed with it. Bed lead and other ^idising sub-

stances cause the formation of linoxic acid ; all other heavy

metal oxides produce linoxates only when they are boiled or

heated with linseed oil exposed to the air.

Mulder thus recognises two different processes as the

cause of the drying of oils—(1) the absorption of oxygen by

substances (manganese borate) contained in the oil and its

transference to the oil, and (2) the actual absorption of

oxygen by the oil from added metallic oxides rich in oxygen.

The increase of weight in drying, owing to absorption of

oxygen from the air, was proved by Mulder by numerous

experiments. More recently Weger and Lippert have taken

up the subject : an account of their results follows. Weger

made a series of determinations of the oxygen absorbed by

linseed oil and by oil boiled with different driers. The oils

were spread out in the thinnest possible layer upon glass

plates of about 88 sq. mm. surface and weighing about 25

grms.; it is rather difficult properly to spread out thickened

oils. These tests do not give absolute valid results, since

the rapidity of the drying depends on the temperature, light,

air, etc. ; the process for determining the absorbed oxygen

can only be used to obtain relative figures when parallel

experiments are undertaken at the same time ; a mean

value is oljtained from the results of a large number of ex-

periments. The same holds good for the determination of

the time of drying. Weger generally considered the oils to

be dry when the skin of oil did not adliere to the finger

liglitly pressed on. In tlie case of raw and l)oilod linseed oil

the maximum weight is obtained when the oil is just dry, or

in twelve to twenty-four hours after drying. The time at

which the oils are hard, i.e. when the layer can bear a strong

pressure with the finger, must in every case be regarded as

coinciding with the occurrence of the maxinmm weight.
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Weger observed neither with raw nor boiled linseed oil, after

the layers were hard, any considerable increase of weiglit,

i.e. none apart from that due to atmospheric conditions. Still,

the ]:)robability of a further absorption of oxygen cannot be

denied, but this must be smaller than the loss of volatile

materials. The thickened oils, boiled rosin oil and wood oil,

give large deviations between the time of drying and of attain-

ing the maximum weight. All the linseed oils used by

Weger in these experiments were genuine. When the dry-

ing period and the increase of weight are graphically repre-

sented, there is found to be a slow, then a rapid, rise of

the curve, slow increase to a maximum, longer or shorter

duration at this height, tolerably rapid descent, and finally

quite a slow decrease.

[Tables.
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The figures for the maximum increase of weight in the

experiments quoted here vary hetween 16 '8 and 19"9 per

cent.; the highest vahie obtained was 20'6, for an artists'

linseed oil. No certain distinction in the increase of weight

of linseed oils of different origins could be found, either in

these experiments or in another series ; the differences are

too small to be used to discriminate in doubtful cases. On

the other hand, the differences between the results given by

the same sample at different times are so large that the method

cannot be used for the detection of small adulterations
;

more gross adulterations are better detected in another

manner. The absorption of oxygen cannot also be used for the

detection of adulteration, since rosin oil and also rosin absorb

considerable quantities of oxygen in the presence of driers.

The chief difference in the behaviour of boiled and raw

linseed oil is that the former increases in weight more

rapidly than the latter ; whether the decrease in weight is

also more rapid is yet to be determined. This is probably

the case ; it would agree with the small durability of a coat of

boiled oil as compared with one of raw oil. Further, on the

average the values for boiled oil are somewhat lower than those

for raw linseed oil.

There is no certain difference between the increases

of weight of linseed oil boiled in different manners. In

general, with a normal quantity of driers, low numbers

indicate a blown or a highly heated oil, which may be

adulterated with a non - drying oil, and high numbers

indicate an oil prepared in the cold, which may contain

rosin or rosin oil ; no more exact criticism can be made.

The difference between the behaviour of rosin oil and

boiled rosin oil^ that is, between the pure oil and tlie oil

containing driers, is exceedingly interesting and worthy of

notice ; whilst the former loses 15 to 26 per cent, in two

months, becoming thick without drying and still continuing to
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lose in weight after this time, hoiled rosin oil behaves similarly

to linseed oil (raw and boiled), it increases considerably in

weight, dries, and later loses weight. Boiled rosin oil, how-

ever, differs from boiled linseed oil in that its increase in weight

is greater and that it still absorbs oxygen for 5 to 9

days after it is dry, before it attains its maximum weight.

The boiled rosin oils decrease more slowly in weight after

drying than boiled linseed oil ; this is noteworthy, in drying a

portion of the rosin oil must volatilise, so that the actual

absorption of oxygen is greater than is indicated by the

increase in weight.

Accordingly to Weger, the oils blown at a high temper-

ature, when in a thin layer, begin to increase in weight before

the unblown oils ; the increase is also at first more rapid and

generally comes to an end sooner, that is to say, the oils dry

sooner ; the increase of weight is, however, always lower than

that of the raw oils. The manner of blowing is very

important ; the temperature and duration of the air current,

the size of the air-bubbles, and the proportion of air to oil

are of considerable influence on the course of the oxidation.

Oils blown in the cold, even for 25 hours, show no apparent

alteration in the amount of absorbed oxygen ; they dry no more

rapidly and are not much thicker than the original oils. It

would appear that very little or no oxygen is taken up.

Although a moderately blown oil shows a decrease in the

oxygen value as compared with the original oil, yet Weger

does not consider the difference large enough to render the

process valuable in analytical practice. It cannot be certainly

decided whether a thickened linseed oil of unknown origin has

been blown or not ; thus it cannot be ascertained whether a

boiled oil has been made by a process of oxidation or simply

by heating. The case is quite different when blowing has

been continued until the oil has thickened, the oxygen absorp-

tion is then considerably smaller than that of the raw oil.
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The question now arises, Can an oil thickened by blowing

be distinguished 1)y an estimation of the oxygen absorption

from one thickened by boiling ? Thick boiled oil shows

a similar behaviour to thick blown oil, it does not increase

in weight equally with the raw oil. However, the difference

between a thick boiled and a thick blown oil appears to

be that the former attains its maximum weight later and

dries more slowly. The maximum weight of a thick boiled

oil is not attained for some time after the oil is dry ; the

point of dryness is not sharp, and is difficult to recognise.

Weger also examined the oxygen absorptions of hemp-

seed, poppy, and Chinese wood oils. The samples of the two

former oils examined gave almost the same increase of weight,

which was less than that of raw linseed oil ; these oils also

have lower iodine values than linseed oil. No definite con-

nection between iodine value and increase of weight could be

recognised, otherwise there is nothing calling for remark.

The wood oils differed more widely than linseed oils

;

from the table an increase of 14 to 16 per cent, may be

taken as a mean value ; figures considerably under and above

this mean value have been obtained. With the exception

of experiment 77, the experiments quoted were performed

in the summer and old oils were used. But in earlier

researches the highest value, 21 '7 per cent., was obtained in

the winter from a recently imported oil. The great differ-

ences in the oxygen values and also in the other constants of

the oil, as well as the different manner of their behaviour in

gelatinising, etc., appear to have their origin less in differences

of the place of production than in the numerous adulterated pro-

ducts which come into the market under the name of wood oil

(adulterated in China itself, or also the so-called varnish oil).

The drying point and the time when the maximum

weight is attained are often separated by several days in the

case of wood oil.
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With regard to the work of Mulder aud of Bauer and

Hazura, Halpheu came to the following conclusions as to the

manner of the action of oxygen upon the drying oils :

—

1. The acids of the drying oils behave in a similar

manner towards the oxygen of the air ; differences occur

only in the rate at which the oxygen is absorbed, which

differences depend upon the relative quantities of linolic

and linolenic acid in the different drying oils. The larger

the quantity of the former the more rapid is the oxidation.

2. The oxygen absorbed by the oil is not only used to

saturate the unsaturated valencies, but at the same time gives

rise to the formation of alcoholic compounds.

3. There appears to be complete similarity between the

oxidation of the acids of the drying oils and of their salts.

4. When the acids of the drying oils are exposed to

oxidation by tlie atmosphere for a long time, or for some

weeks at a temperature of 80° C, anhydrides are formed.

5. The products of oxidation of viscous or resinous nature

change into solid substances insoluble in ether, which, when

saponified by alkalis, produce compounds soluble in ether. It

is thus impossible to decide whether these anhydrides are

formed by the condensation of "two molecules with elimina-

tion of water, or whether they are formed by the elimination

of water between the carboxyl group and a peroxide group of

the same molecule.

6. It is to be supposed that the acids, which take part in

the oxidation of the oil and impart to it its drying properties,

are linolic and linolenic acids ; oleic acid, which forms no solid

products by oxidation with air, does not take part in the process.

7. The oxidation of the drying oils begins or rather

is initiated by the glycerin, but the action appears to

depend upon the glycerin united with oleic, palmitic, and

myristic acids. In this manner linolenic acid is oxidised and

changes into the anhydride.
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For much work upon this subject we are indebted to

Livache. After the treatment of the drying and non-drying

fattj" oils with such substances as would give them the

Increase in Insoluble Soluble
Weight Fattv Acids Fatty Acids

Per Cent. Per Cent. Per Cent.

Oil

After After After After After After
One Two One Two One Two
Year. Years. Year Years Year. Years

Drying Oils

—

Linseed Oil . 10-3 7-0 44-3 38-2 40-9 50-2 Somewhat greasy be-

fore solidification.

Walnut Oil . 9-4 7-6 44-3 45-4 40-9 37-6 Slightly greasy be-

fore solidification.

Poppy Oil . 8-0 5-3 51-4 44-4 33-0 42-3 Fluid to the touch
before solidification.

Cottonseed Oil 6-3 4-5 61-7 57-6 30-9 31-9 Fluid to the touch
before solidification.

Beech-nut Oil 6-1 5-0 64-4 5.5-2 25-6 39-1 Becomes stii^ky be-

fore solidification.

Non-Drying
Oils—

Cuka Oil 6-0 5-3 76-7 69-1 25-6 26-1 After twoyears has be-
come thick, sticky,

and transparent.

Sesame Oil 5-2 4-8 76-8 68-7 22-2 25-0 After two years has be-

come thick, sticky,

and transparent.

Arachis Oil . 57 5-6 72-5 66-6 24-5 29-7 After two years has
become very thick,

but remains sticky.

Rape Oil 5-8 5-4 77-2 75-8 15-6 19-4 Aftertwo years has be-
come thick, sticky,

and transparent.

Olive Oil 5-3 5-7 73-1 66-2 15-6 28-9 After two years has
become very thick,

but remains sticky.

maximum drying properties, they were exposed in thin layers

to the action of the air. The exposure lasted two years ; each

year the increase -in weight and the proportion of insolilble

fatty acids was determined. From the figures given in
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the table the followmg conchisions are to Ije drawn. In

the first place, oxygen acts upon the drying oils, converting

them into solid products, and upon the non-drying oils,

turning them slowly rancid, in which process part of the

insoluble fatty acids is converted into soluble acids. This

transformation increases with the time in proportion to the

drying capacity of the particular oil ; the higher fatty acids

split up after oxidation into lower homologous acids.

•In the second place, the examination of the products

shows, as also the analyses after two years, that the non-

drying oils apparently, in appearance and also in composition,

approach certain of the drying oils, as the latter are after

the lapse of an equal period of two years. The action is

relatively slow, but it should be observed that the same

result is attained in far shorter time when the non-drying

oils are subjected to a more energetic action of oxygen

;

these oils are converted under certain conditions into solid

products, and experiments have led to favoiirable results.

Livache gives the following as the conditions which

facilitate the drying of a drying oil :—
1. The oil must be refined and clear.

2. It is advisable to allow the oil to stand ; a commence-

ment of the oxidation by the absorption of oxygen from

the air is advantageous.

3. It is better to employ an oil which has been heated,

rather than a raw oil.

4. The drying capacity of a raw or boiled oil is increased

by the addition of certain quantities of lead or manganese

compounds, or by metallic lead in a finely divided state.

Livache regards tlie following as the principal factors

in causing an increased absorption of oxygen hj a drying

oil such as linseed oil: (1) the degree of purity of the

oil, (2) the time whicli has elapsed since the extraction

of the oil, (3) the manner in which the oil has been
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stored, (4) the temperature, and (5) the addition of certain

substances.

1. The 2)>'^''iy of the oil.—The oil as it comes from

the presses contains water and other impurities, whicli nuist

be removed from the oil if it is to dry to an elastic mass.

This purification is accomplished by allowing the impurities to

deposit, by filtration or by chemical treatment. The latter

method, which generally consists in the treatment of the oil

with sulphuric acid, removes those substances which play

no part in the drying of the oil, since they do not unite

with oxygen. If recently pressed linseed oil, and linseed oil

which has been treated with sulphuric acid and washed with

water to neutral reaction, be exposed to the action of the air,

the latter absorbs more oxygen than the former.

2. Age of the oil.—Linseed oil, preserved with exclusion

of air, subsequently absorbs more oxygen the longer it has

been kept.

3. Manner of storage.—When the oil is stored so that

air has access it absorbs a certain quantity of oxygen. Ex-

perience has shown that the oil only absorbs oxygen slowly,

but that when the absorption has once commenced it proceeds

more rapidly. The absorption of oxygen will thus take place

more quickly the longer the oil has been exposed to the action

of air.

4. Action of heat.— The temperature at which the oil is

exposed to the action of the air influences the rate of drying.

Chevreul showed that linseed oil dried more quickly at 25° to

28° C. than at 15° to 18° C. If at the same temperature in

the presence of air, raw linseed oil and the same oil which has

been previously heated are spread out in thin layers, the

drying is different. Linseed oil, which had been heated at a

temperature at which isolated bubbles of gas rose in the oil,

dried better, and required only half the time to become hard.

Fahrion believes that when oil is gently boiled in deep
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vessels, into wliich the oxygen of the air cannot enter, the

transformation of tlie unsaturated fatty acids is hastened, and

products are formed which juore quickly absorb oxygen.

Chevreul, on the contrary, who heated oil under the same

conditions, found tliat linseed oil which had been heated for

5 liours dried less well than oil heated for 3 hours. There is

no doubt tliat by the action of the continued heating a

portion of the glycerin is decomposed, as the smell of acrolein

indicates, and the acids set at liberty ; but we know that linoleic

acid dries less (juickly than linolein. On the same grounds,

doubt is cast upon the observation of Mulder that linseed oil

which had been heated at 70° to 100° C. dried less well than

raw linseed oil. In this connection we may say that (a) a

moderately high temperature increases the drying of raw

linseed oil, and (b) raw linseed oil dries less rapidly than the

same oil, wliich has l)een previously heated, when the two are

exposed at the same temperature, biit this is only the case

when the latter oil has not been heated until it begins to de-

compose and to form certain quantities of free acids.

5. Additionfi of certain suhstanccs.—It has been known

for a long time that the addition of certain substances, white

lead, litharge, manganese oxide, etc., increased the drying

capacity of a drying oil. In certain cases these substances

are mixed with the cold oil, in other cases they are heated

together with the oil. Wlien lead compounds are used the

oil is heated with one or more of them ; at the time when

free acids are formed by the action of heat, the substances

which increase the drying capacity are added, oxidation takes

place by means of the oxygen of the lead oxide, and when the

process is finished a certain quantity of metallic lead is found

in tlie residue.

This action appears to be important for the following
'

reasons. In the first place, experience shows that lead

oleate imparts no real drying property, since it becomes
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friable ; ih the second place, the acids of linseed oil dry less

quickly than linoxyn. There is, however, no doubt than an

oil heated with lead oxide possesses greater drying capacity

than a raw oil or an oil without lead oxide. Thus it may be

asked whether the drying capacity is not increased by the

oxygen of the lead oxide. When it is remembered that a

good linseed oil, when exposed to the air, absorbs 16 to 18 per

cent, of its weight of oxygen in order to be transformed into

a solid dry substance, and that the quantity of lead oxide

(red lead or litharge) used in practice does not exceed 3 to 8

per cent, as a maximum, it will be seen that this absorption

of oxygen cannot proceed from the lead oxide, since it does

not contain more than 0"7 instead of the 18 per cent., which

is required ; thus the addition of lead oxide can play but a

small part in the oxidation of the oil. Also a portion of the

lead oxide loses no oxygen, since it forms a lead soap with the

oil. However, it is certain that the quantity of metallic lead

left at the end of the operation corresponds to some amount

of oxidation, and it has been found from a study of the action

of oxygen upon the raw oil, that drying proceeds more quickly

when the oxidation of the oil has once reached a certain point.

The same observations and conclusions hold good with re-

gard to the drying property imparted by the use of manganese

compounds. A just explanation is afforded by the important

observation of Chevreul, that linseed oil dries in considerably

shorter time when spread out on a clean lead plate freed from

every trace of oxide. In this experiment the oil can absorb

no other oxygen than that supplied to it from the air, the

drying property is thus imparted by the presence of the metal

alone. This observation may be further pursued. When a

good drying oil is mixed in a closed flask with precipitated

lead (obtained by the action of another metal on the solution

of a lead salt) the oil acquires good drying properties without

being heated ; in this case an absorption of oxygen by the oil
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in the flask is completely excluded. Thus it appears that the

small (juantities of load wliicli are dissolved iu the oil, i.e. by

its acids, increase tlie drying properties.

The (hying i)r()perty tlue to manganese com})ounds cannot

be directly obtained, but the lead in an oil can be replaced by

manganese. It is sufficient to treat an oil, which has been

treated with lead, with a manganese salt, e.g. manganese

sulphate, which by double decomposition produces a lead salt

insoluble in the oil, whilst the lead is replaced by manganese.

Oil so prepared has very great drying properties, which far

surpass those of oil boiled with manganese salts.

The explanation of this increased drying power of a

manganese oil is as follows :—When the oil is spread out in

a thin layer, so that the air can act upon it, it acquires a

darker colour owing to the higher state of oxidation of the

manganese oxide induced by the oxygen of the air. In pro-

portion as the oil thickens in drying, -this dark coloration

disappears ; the oxidation of the manganese oxide has been the

means of oxidising the oil, and converting it finally into a

solid and completely colourless mass.

This coloration, followed by complete discoloration, shows

that the manganese oxide has served as the means of the

transformation ; it has taken up oxygen from the air and

transferred that oxygen to the oil. The same process takes

place with lead oxide, but less rapidly.

In oils treated with lead or manganese, the lead or

manganese plays an intermediate part, absorbing oxygen from

the air and giving it up to the oil, thus causing the oil to dry

more rapidly than it would without the intermediary. After

this explanation the question naturally arises whether other

metals can play the same intermediate part as lead and

manganese. Tlie simplest method is to heat oil, pi'eviously

treated witli litharge, with metallic salts, the acids of which

form lead salts insoluble in oil. Linseed oil boiled with litharge
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dries in 24 liours when spread out in thin layers, as has been

previously stated ; if the lead be replaced by manganese, it

dries in 6 hours ; if by copper, zinc, and cobalt, it dries in

36 hours; and if by nickel, iron, or chromium, in 48

hours. The observation that an oil, in which lead has

been replaced by manganese, dries more rapidly than an oil

directly treated by a manganese salt is very important. In

the industry, we find certain lead and manganese compounds

preferred ; the choice appears to be influenced by their degree

of solubility in the oil under the action of heat ; in practice,

lead acetate and manganese borate are used by preference,

the reason being that these compounds are decomposed in the

oil by the action of heat, producing lead and manganese

oxides, the favourable action of which is known.

Lead acetate melts in its water of crystallisation at 75° C,

loses its water and a little acetic acid at 100° C, decomposes

completely into lead- carbonate and acetone at 270° C, and

also leaves a residue of finely divided lead, which plays a

great part in the drying of oils.

Manganese borate is unstable, like all manganese com-

pounds ; the affinity of boric acid to manganese oxide is

slight, and by the action of heat the acid is set free. Thus

the advantage in the use of this compound lies in the easy

introduction of manganic oxide into the oil.

We have already seen that unoxidised lead in a very

porous condition has very great influence on the drying of

oils ; it is thus interesting to learn the action of other pre-

cipitated metals. Precipitated copper and zinc produce no

perceptible increase in the drying properties. Chevreul had

already shown that linseed oil dried more rapidly when

spread out on unoxidised lead than on copper, zinc, or iron

;

it appears that the latter metals have no influence on the

drying, oil dries on them as slowly as on glass or porcelain.

As regards other substances besides lead and manganese
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compounds, which are repeatedly proposed, they have no

appreciable action. Chevreul had already shown that all

these substances not only do not increase the drying capacity,

but that certain of them, antimony salts, for example, even

decrease it. AVhen a favourable action is occasionally

observed with isolated salts it is to be attributed to the

action of heat alone.

The drying of every drying oil and boiled oil, apart from

differences in the driers used in the latter, depends on many

circumstances and conditions. When the same boiled linseed

oil is spread on the same clean surface (glass is best), differ-

ences in the temperature and moisture of the air and in the

light occasion great differences in the time occupied in drying.

These conditions have long been known in practice, but more

recently they have been scientifically examined. Weger, to

whom in conjunction with Lippert we owe the scientific

explanation of tlie processes which occur in the preparation

and use of the drying oils, remarks as follows :—The higher

the temperature during drying, the more rapidly tlie oil dries.

Pure linseed oil, which dries at the ordinary room temper-

ature in winter in 5 to 7 days, and in summer in 3

to 4 days, requires in a dark drying oven at 50° C. only

12 hours, at 95° C. about one liour, and at 120° C. about

30 minutes. The time of drying of an oil, boiled with

manganic hydrate, at tlie normal room temperature was

about 14- hours, at 95° C. 30 to 40 minutes, and at

120° C. 15 to 20 minutes. A litharge boiled oil dried

at the normal room temperature in aljout 9 hours, and

at 120° C. in about 20 minutes; a lead-manganese resinate

boiled oil dried at the room temperature in about 10

hours, at 95° (J. in about 45 minutes, and at 120° C. in

15 to 20 minutes. The industrial practice of drying coat-

ings of certain paints and varnishes in the stove at 50° to

120° C, and recently varnishes at a much higher temper-
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ature, not only accelerates the drying but also the harden-

ing of the coats, which is of great importance for many

articles.

The influence of light was first studied by CloL-z, who

allowed light to pass through colourless, blue, red, green, and

yellow glass before it reached the oil ; he found that oxida-

tion was most rapid under the colourless glass and least rapid

under the yellow. Boiled oil exposed to direct sunlight

required for drying only half or one third of the time it

required in the shade. This is not only due to the action

of light, but, when the heat is not absorbed by alum or

Iceland spar, to the combined action of heat and light. The

influence of light alone is determined by the fact that boiled

oil dries more rapidly in diffused daylight than in a dark box.

The same oil dries in very different times at daytime and at

night, in summer and in winter. Here again there is the

united action of heat and light. Mulder also investigated the

influence of sunlight, not in regard to the rapidity of drying

in thin layers, but as to the amount of absorbed oxygen and

the commencement of its absorption by somewhat thicker

layers.

The influence of the amount of moisture in the air is not

as considerable as might be imagined. Sheets of glass coated

with equally thick layers of the same boiled oil were placed

under two bell-jars. In one was a dish of water, in the other

strong sulphuric acid. The illumination and temperature

were equal. The result was not the same with all boiled oils,

not in every case did the oil dry over the sulphuric acid more

rapidly than in the moist air. The reverse was frequently

the case. Weger could give no general rule ; it appeared to be

an accident that, of the oils examined, those containing lead

or lead and manganese dried more quickly in moist air, w'hilst

manganese oils, on the contrary, dried more slowly than in

dry air. It is also true, that when all the conditions are as
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far as possible the same—the same oil in layers of the same

thickness, the temperature, light, and moisture the same—the

same drying result is not always obtained. The causes of

these differences are not known. Mulder made similar

observati(jns ; he says :
" It is remarkable that when the

increase in weight of a drying oil is daily observed, quite

different weights are obtained in different conditions of

weather, although the temperature and other conditions of

the air determinable by ordinary methods do not account

for the difference." " The influence of ozone in the experi-

ments was not regarded or considered, ])ut it must be recog-

nised that certain atmospheric conditions, which give rise to

greater or smaller appearances and differences of oxidation,

are in no way to he accounted for by differences in moisture."

Mulder thus supposes certain atmospheric conditions not

directly perceptible.

Weger has also investigated the influence of the age of

Ijoiled linseed oil upon the time which it requires to dry. In

the oil itself, before it is spread out in a layer, there occurs a

decrease in drying power, which becomes manifest in certain

varieties in the course of time. In general it may he said

that lead-manganese oils decrease in drying capacity ; lead

oils apparently are similar, but observations extending over a

long period in this case are wanting ; manganese oils gener-

ally remain constant, naturally only when changes in atmo-

spheric conditions are not involved, and when the oil is

not so loaded with drier that separation takes place in time.

Tlie decrease in drying power does not depend on the lead or

manganese compounds employed ; oils boiled with litharge

and pyrolusite, with lead-manganese resinate and with lead

linoleate, all show a decrease. With manganese oils the acid

of tlie drier also plays no part. An exact proof of these

statements is not easy. In the first place, it would naturally

be necessary, if further conclusions are to be drawn and the
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causes of the decrease in drying power ascertained, at each

period to know exactly the quantity of dissolved metal, for as

soon as separation of lead or manganese compounds occurs,

the drying power must decrease. Thus a decrease in drying

power, without separation of driers, has not yet been proved.

The results which have led to the conclusions above given

cannot readily be made free from objection, since the separate

factors which compose the conditions of experiment cannot

entirely be regulated. The decrease in the drying power of

lead-manganese boiled oils may be rectified by making the

oils to dry more quickly at first than is really necessary.

The end-product of the oxidation of linseed oil, whether

obtained by the drying of thin or thick layers, by treatment

with oxygen or ozonised air, or by the drying of a number of

thin layers one upon the other, is the substance called linoxyn

by Mulder. It is distinguished by great elasticity, absolute

insolubility in water, alcohol, and ether, and by almost instan-

taneous saponification by potash in the cold. . If the fatty

acids be separated from the soaps resulting from the saponi-

fication of linoxyn, it is found that the solid fatty acids have

not been altered, whilst the liquid fatty acids, on the contrary,

have changed to greasy substances distinguished by their

solubility in water and by the formation of certain salts.

Cloez was the first to investigate this end-product ; he found

in it fatty acids and an insoluble body. Livache undertook

the examination of the solid product, which he subjected to

the action of different solvents. The results are as follows

:

—If the product of the oxidation in the air of thin layers of

linseed oil be treated with various solvents, no action can

at first be observed. On continued action it is found, with

the majority of the solvents, that the transparency is

increased, and the mass swells up. If petroleum spirit be

used, which has the most energetic action, it is found that

a small piece doubles in volume without altering in shape,

3
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whilst the Hcjuid is perceptibly coloured. If the oxidised oil be

ground with a small quantity of one of the solvents a dift'erent

action occurs ; with petroleum spirit, for example, the trans-

parency increases, the mass swells up and divides into many

small particles, forming a kind of salve. If more solvent be

now added it is coloured yellow, and the particles, which

appear united in a lump, remain in a state of very fine

division. With ether, turpentine, acetone, acetic ether, and

carbon bisulphide the same appearances are observed : the mass

divides more or less quickly, the particles become smaller

on protracted grinding, become transparent and swell ; on the

addition of an excess of solvent the particles separate, and

on standing are deposited, whilst the liquid turns yellow. If

the grinding with petroleum spirit be continued for a long

time, until the solvent is not longer coloured, a separation of

the substance into two portions is observed ; the one insoluble,

swollen, and transparent, the other soluble and imparting the

colour to the solvent. When the swollen mass is dried, an

elastic substance, which can be rubbed into non-coherent

particles between the fingers, is obtained. On evaporation of

the solvent a solid residue is obtained, adhering to the fingers

and softening at a gentle heat. There is thus a certain

similarity between the product of the oxidation of a drying

oil and caoutchouc. Both swell in certain liquids, become

transparent, and appear to dissolve, but in reality only a

portion dissolves. Certain industrial applications are based

on this property, as also on the behaviour towards mineral

oils. If any non-porous surface be covered with a drying oil,

which has been well boiled and tolerably thickened, the entry

of the oxygen into the mass of the oil is difficult, it acts only

upon the surface and soon forms a solid skin, which protects

the oil beneath from the further action of oxygen. This

diflticulty is avoided by mixing the oil with turpentine, or

by applying heat or using very thin layers, of which naturally
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a larger number is necessary. In the first case, the action of

oxygen only takes place after the evaporation of the solvent,

and it would be equally good to work with an unthickened

oil. In the second case, the labour of obtaining a layer of a

definite thickness is increased, and in certain industries it is

difficult to use a thin oil, which is absorbed by the object

to be covered before it can form a solid and elastic coating.

The industries of the present day use large quantities of

solid oxidised oil in preparing impenetrable coatings. Oil is

allowed to flow over a woven fabric of several thousand square

metres surface, hanging vertically. The very thin layers of

oil rapidly absorb oxygen and become solid ; the absorption

of oxygen is accelerated by conductmg the operation in

heated rooms. The whole treatment is automatic in action,

and at little cost a layer of dried oil several centimetres in

thickness is obtained. It can be understood that, with this

solid mass and suitable solvents, waterproof fabrics can be

made, similar to those obtained from caoutchouc. Either the

dried oil, swollen in solvents, is used alone, or mixtures

of the finely divided linoxyn ground in an excess of solvent

to the required consistency. It is then sufficient to volatilise

the solvent, in order to obtain a residue of sohd oxidised oil,

completely dry throughout, however thick the layer may be,

since the oil, when it is used, contains the whole of the oxygen

it is capable of absorbing. The " solutions " of oxidised oil may

be combined with those of indiarubber, guttapercha, and other

substances soluble in the solvents, so that when the solvents

have evaporated the residue has the combined properties of

all the substances used.

In combination with vegetable fibres, such as cotton, linen

,

sawdust, and products obtained from these substances, woven

fabrics, paper, etc., linseed oil possesses the property of

becoming heated ; thus danger of fire is often caused when

such materials as are used in works for cleaning purposes.
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saturated with linseed oil, are not removed from the work-

rooms or kept in iron vessels. Similar spontaneous com-

bustions occur with other oils, but not so frequently. Kiessling

makes the following observations on this subject :—With a

sufficiently large surface of contact between a fatty oil,

which spontaneously absorbs oxygen, and the air, and suitable

protection against external cooling, a considerable amount of

heat is developed by the process of oxidation, which, in the

case of a fibrous substance saturated with oil, may lead to

spontaneous combustion. The quantity of heat produced by

spontaneous oxidation depends on the nature of the oil (rape

oil shows no, cottonseed oil a small, linseed oil a great, and

boiled linseed oil the greatest, rise of temperature), also on

the nature of the fabric (silk produces the greatest, hemp the

least, rise of temperature, wool and jute are intermediate), on

the external temperature (the higlier this is the greater is

the development of heat), and on the light. The activity of

micro-organisms is without effect in this case ; the process is

purely chemical.

Mackey is not of the same opinion in regard to the

action of oil upon cotton-wool. He remarks that the fire

insurance offices fix the premiums of the cotton spinners

according to the nature of the oil nsed in preparing the

cotton ; the oil must not contain more than a certain per-

centage of unsaponifiable matter, and its point of ignition

must not lie below 171° C. It is, however, better to

determine directly by experiment the danger of spontaneous

ignition. For this purpose cotton-wool saturated with the

oil is heated in a l)ath at 100° C, the bulb of the thermo-

meter being in the middle of the cotton-wool. By taking

the temperaiiure after heating for a certain period it is found

whether the oil inclines to spontaneous ignition. Experi-

ments with cottonseed and olive oils sliowed that the

temperature rises far less witli neutral oils than in the
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presence of free fatty acids. For example, the temperature

of the cotton-wool after 3 hours was, in the case of olive

oil, 100° C, but with free fatty acids, 192" C. After some

time the temperature again sinks. Frequently, in the

presence of much free fatty acid, the cotton-wool was charred

;

but ignition was never observed. The cause of the rise of

temperature is not to be found exclusively in the oxidation

of the fats and fatty acids, since the temperature of slag-wool

heated with oil or fatty acids did not rise above 100° C.

Thus the cotton must be attacked by the fatty acids, and the

temperature thereby increased.



CHAPTER II

THE PROPERTIES OF AND METHODS FOR OBTAINING

THE DRYING OILS

The number of the drying oils, which are extensively used in

the industries, is small as compared with the number of

non-drying oils, and even amongst these—-candle-nut oil,

cedar-nut oil, hempseed oil, wood oil, cherry kernel oil,

linseed oil, poppy oil, walnut oil, castor oil, sunflower oil,

grapeseed oil—linseed oil is the only one which, apart

from the locally used hempseed oil, is important in the

preparation of varnishes and paints. , Candle-nut, cedar-nut,

walnut, sunflower, and grapeseed oils are so rarely pro-

duced, and in such small quantities ; hempseed oil is used

in Eussia alone ; wood oil is much too dear, and the imports

insufficient; castor oil is excluded from extensive use for

these purposes because its drying properties are insufficient,

it is, however, highly valued for the preparation of Turkey

red oil, of soaps, lubricants, and recently of an indiarubber

substitute. There can be no doubt that candle-nut oil, and

especially wood oil, would become of great importance if

they could be produced in cjuantity and at a price not

far removed from that of linseed oil. Under present con-

ditions linseed oil is all important, thanks to its good pro-

perties and low price.
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Candle-nut Oil.

' Bankulol, Lichtnussol, Lackbaumol.

Huile de noix Bancoul, huile de Bancoul.

The source of this oil is the candle-nut from Aleurites

triloba and A. moluccana, which could be placed on the

market in very large quantities from Guadeloupe, Martinique,

New Caledonia, Tahiti, and Eeunion, but which is not yet

to be obtained regularly. Not only the cheapness of the

raw material, but the good qualities of its oil, recommend its

introduction to oil works.

According to Wiesner, the seeds contain 50 to 60 per

cent, of oil. The French Marine Ministry states that 100

kilos, of nuts produce, on an average, 33 kilos, of kernels,

100 kilos, of which give 66 kilos, of oil. Thus 450 kilos, of

nuts would be required to produce 100 litres (91 kilos.)

of oil. In Tahiti the nuts cost 150 francs per ton of 1000

kilos., freight amounts to 80 francs per ton. The kernels

are sold at 400 francs per ton; thus, since 100 kilos, of

kernels produce 66 kilos, of oil, 100 kilos, of the latter

would cost 60 francs, without reckoning the cost of pressing.

The price offers no advantage in consideratioii of the low

cost of linseed oil.

Properties of candle-nut oil.—The cold-pressed oil is pale

yellow, almost white ; the hot-pressed oil is brown. The

latter has a nauseous, the former an agreeable, odour. It

dries in the same time as linseed oil, and by similar treat-

ment may be so altered in drying properties that it may be

used as boiled oil of fairly considerable drying power. It

burns well ; excellent results have been obtained in this

respect by various establishments in Paris.

To the writer's knowledge, analytical examinations of this

oil have not yet been made ; the writer's own researches
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have been restricted to the applicability of the oil for var-

nishes and paints. Small quantities of the brown oil were

boiled with litharge, red lead, lead acetate, and manganese

borate. The oils boiled with lead compounds were all very

dark in colour: at 140° C. the oil eftervesced ; it was main-

tained at this temperature for a short time only, which was

necessary owing to the small quantity of oil treated. The

smell of the boiled oil was quite similar to that of the raw

oil, but slightly more impleasant. The oil boiled with

manganese borate was almost unaltered in colour. In the

drying tests, as compared with well boiled linseed oil, there

was a considerable difference : the boiled candle-nut oils

dried at least -4 hours before the boiled linseed oil, the raw

oil also dried more quickly than raw linseed oil. At 325° C.

it evolved vapom-s of very strong, unpleasant smell, which did

not take fire. After a loss of 20 per cent, of volatiHsed

fatty acids there resulted a thick, soft mass, as with linseed

oil, but the colour was almost black, which was due to the

presence of a large quantity of mechanically admixed im-

pm'ity. The same experiments were performed with the

white oil. Almost all the oils boiled with lead com-

pounds were strongly coloured, whilst the oil boiled with

manganese Iwrate was only somewhat yellow. In the

drying tests the same advantages over linseed oil were

found, the candle-nut oils dried several hours earher. On
the other hand, when the pale candle-nut oil was heated to

325° C. the peculiar result was observed that, after a loss

of alx)ut 20 per cent, of volatile fatty acids, the oil

became completely colourless, forming a thick water-white

sp-up.

In regard to the durability of paints made from coloured

earths or metallic oxides and this oil, the same results were

obtained as with boiled linseed oil. Since, however, candle-

nut oil is alwavs dearer than linseed oil, and rarely comes
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into the market, there appears to be no prospect of its

general employment.

technical uses.—Like linseed oil, for varnishes and paints

;

as a burning oil.

De Negri has recently examined candle-nut oil from the

seeds of A. moluccana ; he obtained by extraction 6 2 per

cent, of oil. It dried well, but not as well as Chinese wood

oil from the allied plant A. cordata. The following constants

were obtained :

—

Oil extracted with

Ether.
Petroleum

Spirit.

Specific gravity at 15° (

Solidifying point

Melting point of fatt

Solidifying
,

,

Saponification value

Iodine value

Iodine value of fatty

Refractometer (Zeiss]

Ipids

idsA

1

0-926

- 18° C.

20°-21° C.

13° C.

187-4

139-3

144-1

0-921

still fluid

184-0

136-3

142-7

75-5-76

The colour BibiStiHlobtained by De Negri were little

characteristic, ^he constants found for wood oil are not

different from mose of candlBiut oil and from those of a

candle-nut oil examined l)y liicli, which most probably was

a mixture of oils from several varieties of Alcurites. When

expoaiJl to sunlight for 25 days in a sealed glass tulje

tlic oils remained fluid, whilst expressed wood oil solidi-

«fied under the same conditions. De Negri observes that

wood oil extracted by solvents does not solidify under the

action of sunlight, but only the expressed oil. The j)oly-

^
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merisecl substance from the latter oil melts at 32° C. ; the

iodine value has fallen from 159 to 154; when heated for

100 hours in the dark at 100° C. it does not change, but on

cooling remains liquid. Candle-nut oil extracted by carbon

bisulphide always remains fluid, whilst wood oil extracted

by the same solvent solidifies.

Cedak-nut Oil.

CedcrnuHsol.

According to Kryloft', a good drying oil is obtained in

Siberia from the fruits of the cedar, or rather from the

kernels of the seeds, and is already made on the large scale.

The followino; are the constants of the oil :

—

Specific gravity at 0" C. 0-9320

Solidifying point.... 20° C. (?)

Iodine value .... U9-5-150-5

Eeichert-Meissl value .
2-0

Hehner value .... 93-33

Saponification value ... 191-8

Acid value . . . . . ^ ,
1-09

Trom the mixture of insoluble fafty Mids pure palmitic

acid could be separated by crystallisatMn.^lFrom the filtrate

from this acid there were obtaine4.%*ofl|ation an acid of

the same formula as tetrahydroxystearic acid (melting

point, 165"^ C.) and a trihydw:ystearic acidl (melting point,

140° C). Thus this oil differs little fromi linseed, hemp-

seed, and similar oils ; it belongs to the class of the 2ot>d

drying oils.

i

m^'
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Hempseed Oil.

Hanfdl.

Huile de chanvre, Imile de chdnevis.

The fruit of the hemp plant, Cannabis sativa, from which

the oil is obtained, is a nut ; it comes into commerce freed

from the capsule, which surrounds it like a sheath and is

fissured at the anterior end. The fruit is oval, 3 to 4 mm.

long, 2 mm. wide, somewhat compressed on the dorsal side,

unilocular, bivalved, does not split open, and contains one

seed. The capsule is thin and hard, externally greenish or

greyish brown, marked like a net, smooth ; it consists of two

layers readily separable from one another, of which the outer

is pale green and the inner brownish green. The seed has

the same form as the fruit, which it completely fills, is

adherent, and covered by a thin green skin. The embryo

is white, it consists of parenchymatous cells, which contain

oil and aleurone granules ; it is bent into the shape of

a hook, the radicle being bent round towards the inside of

the thick cotyledons, with which it is of equal length. When
crushed the seeds emit a peculiar odour ; they have a mild

oily taste, and contain 30 to 35 per cent, of oil. The yield

of oil by expression is about 28 per cent., by extraction 30 to

3 2 per cent. The seeds have the following composition :

—

German Hempseed,
per cent.

Russian Hempseed,
per cent.

Organic matter ....
Ash

Water

Oil

54-30

.3-45

8-65

33-60

54-95

4-50

9-13

31-42

The organic matter contains proteins 15-95 15-00

/^
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Hemp seed for sowing must be quite ripe, not more than

one year old, and 90 per cent, should be fertile. The best

seed is obtained by threshing ; ripples do not yield a product

of equal value. Seed for sowing is frequently obtained from

Eussia and its Baltic provinces, w^here it is better to allow

it to ripen, since the female plants yield a less fine fibre.

The Chinese " giant-hemp " is a larger and coarser fibred

variety, as is also Indian hemp, from which hachisch is

obtained.

Pro])ertics of hemj^seed oil.—The recently expressed oil

is greenish yellow, when extracted by petroleum spirit or

carbon bisulphide it is brownish yellow, freshly extracted by

ether it is deep green. The green colour of the oil recently

expressed or extracted by ether is lost after some time,

when the oil becomes brownish yellow. The odour and

taste are the same as of the seed, i.e. mild.

Specific gravity at 15° C. . 0*9255 (Soucliere).

0-925-0-931 (Allen).

0-9276 (Fontenelle).

0-9270 (Chateau).

Behaviour on cooling :—Thick at - 15° C, solid at - 27-5° C.

Melting point of the fatty acids 19° C.

Solidifying „ „ 15° C. (Hiibl).

Saponification value . . 193-1 (Valenta).

Iodine value . . .143 (Hiibl).

„ „ (.f the fatty acids 122-125-2 (Morawski and

Deniski).

Viscosity at 15° C. . . 9-6 (water = 1).

„ 7°-5C. . . 11-6.

Hemjjseed oil dissolves in 80 parts of cold alcoliol and in

every proportion in boiling alcohol. In the cold it separates

a " stearine," which dissolves in 1 2 parts of hot alcohol.

One volume of the oil requires two volumes of ether for

solution.

# —



76-05 per cent.

11-35
>5

12-60
)>
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Compo»ition.—The elementary composition of the oil is

Carbon .....
' Hydrogen .....
Oxygen

100 00

The liquid fatty acids consist principally of linolic acid, with

small quantities of linolenic, isob'nolenic, and oleic acids.

The oil dries less rapidly than linseed oil.

Colour reactions.—AVhen boiled with caustic soda solution

(specific gravity, 1-340) it gives a brownish-yellow hard soap;

linseed oil gives a yellow liquid soap. Sulphuric acid colours

hempseed oil, as also linseed oil, an intense green. A
mixture of equal parts of water, strong sulphuric acid, and

fuming nitric acid gives, when mixed with five times the

quantity of oil, a green coloration, at once changing to

black, and after 24 hours to a reddish brown. Strong hydro-

chloric acid colours fresh oil grass-green, older oil yellowish

green.

A2)plications of Hempseed oil.—
Alimentary : the freshly expressed oil is used like olive

oil and other oils and fats.

Technical : as a burning oil, in soap making, for varnishes

and paints.

Wood Oil.

Chinese Wood Oil, Tung Oil.

Chinesisches Holzol, Oeljirnissbaumol, Twng'dl.

Huile de hois.

Chinese (or Japanese) wood oil is obtained from the seeds

of Elocococca or Alcurites cordata, which is a native of China

and Japan. It is extracted by hot and cold pressing.

The older statements as to the nature of this oil, which is
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endowed with very great drying capacity, are as follows :

—

The cold pressed oil is pale yellow, the warm pressed oil dark

brown ; it is a thick oil of liigh specific gravity, it does not

solidify in the cold. The oil, which possesses still greater

drying power than candle-nut oil (from Aleurites triloba), is

used in China and Japan as a natural varnish, especially for

varnishing and preserving wood-work, Chinese ships, etc.

The oil is not to be confounded with the balsam wood oil,

gurgun balsam, obtained from Dipierocarpus turhinatus, which

possesses quite other properties
;
gurgun balsam is, however,

adulterated with wood oil. The examination of the oil by

Cloiiz shows that it consists of two glycerides, ordinary olein,

and the glyceride of eheomargaric acid, from tlie latter of

which, after saponification, elteomargaric or margarolic acid,

C16H30O3, is obtained. This statement was inherently im-

probable because of the constitution of the acid, as also, con-

sidering the great drying properties of the oil, the statement

that the oil changes in the air to a fat melting not below

32° C. In regard to rapidity of drying, it surpasses linseed

oil ; the hot pressed oil does not appear to dry so rapidly as

the cold pressed. It is rapidly saponified on heating with

alcoholic potash ; and having regard to the amount of potash

required for saponification (21'1 per cent.), it would appear to

contain a hitherto unknown fatty acid. The yearly export

from Hankow, a town on the Yangtse-Kiang in the interior

of China, is about 200,000 piculs (1 picul = 122-3 lbs. =

60 "4 7 9 kilos.) to other parts of China.

Moritz Kitt investigated Chinese wood oil. The samples

w^ere obtained (1) direct from China, (2) from the firm of

Carlowitz in Hamburg. Sample (1), marked " Yutshing," was

pale yellow ; the following constants were observed :

—

Specificgravity at 15°C. . . 0-9413

Saponification value . . . 190-7, 191-0

Iodine value..... 157-5, 158*4
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Acid value ..... 3-9

Melting point of fatty acids . . 35-39° -5 C.

Saponification value of fatty acids . 197 '3, 197*8

' Yield of insoluble fatty acids . . 82 per cent.

The fatty acids formed a yellowish-brown crystalline mass.

By the action of bromine upon the fatty acids, dissolved in

glacial acetic acid and cooled by ice, liquid bromine addition

compounds were principally formed ; in small quantity a solid

bromide was obtained, which, after repeated recrystallisation

from alcohol, formed fine needles melting at 129° to 130° C.

In the oxidation of the fatty acids in alkaline solution by

potassium permanganate they remained partly unaltered,

trihydroxystearic acid was formed in small quantities, and

also acids soluble in water similar to linusic acid ; lower

fatty acids, acetic and carbonic acids were also produced.

The oil (2) was somewhat darker in colour and more

viscous. The following values were obtained :

—

Specific gravity at 15° C. 0-9439

Saponification value 190-9, 191-4

Iodine value.... 154-6

Acid value .... 6-95

Melting point of the fatty acids 35°-5-40° C.

Saponification value „ „ 196-4

Iodine value „ „ 169-5

Yield of insoluble „ „ 85 per cent.

A portion of the oil (2), which had solidified by exposure to

light, had the

Saponification value . . . 191*0, 191-8

Iodine value . . . . . 155-2, 156-1

practically the same as the original oil. A larger quantity of

the oil (2) was heated in a porcelain dish and stirred with a

thermometer. At 282° C. it solidified. The gelatinous mass

was only partially soluble in beni^ene ; it was completely

saponifiable by alcoholic potash. The fatty acids separated
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from the soap solution were dark brownish yellow with a

greenish fluorescence, and were viscous. After several days

they solidified to a crystalline mass melting at 41° to 46° C.

They had the following properties :

—

Saponification vahie (Alkali Blue as indicator)

Acid value .....
Iodine value.....
Acetyl acid value ....
Acetyl saponification value

Acetyl value.....

198-8

191-0

107-6, 108-4

186-9, 187-6

204-1, 206-4

18-0

The change into the solid state is due rather to polymerisa-

tion than to a sudden absorption of oxygen. The low ether

value of the fatty acids (7 '8) indicates the presence of

anhydrides of lactonic character. On the other hand, the

acetyl value (18) indicates only a small quantity of hydroxy-

fatty acids. If the oil ])e heated on a sand bath for about

2 hours at 150° to 180° C, whilst a current of air is led in,

a viscous oxidised oil is obtained, which contains hydroxy-

fatty acids in larger quantity. The fatty acids separated

from such oxidised oil melted at M9° to 45 C, and had the

following properties :

—

Saponification value . . . . . 199 '5

Acetyl acid vahie . . . . . 173-5

Acetyl saponification value . . . 214-6

Acetyl value . . . . . . 41-1

According to De Xegri and Sburlati, the seeds from

which wood oil is obtained contain 53 "2 5 per cent, of oil, of

which about 42 per cent, can be obtained by pressing. Tlie

oil is clear, somewhat yellow in colour, and of peculiar smell,

resembling tliat of castor oil. It is without taste, and dries

in 24 hours in the air. It is soluble in ether, petroleum

spirit, and chloroform, and insoluble in cold absolute alcohol.

By solution in carbon bisulphide and evaporation of the

solvent the oil is changed into a crystalline mass.
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According to older statements, wood oil has the following

constants :

—

Specific gravity at 15° C.

Melting point of the fatty

acids ....
Solidifying point of the

fatty acids .

Saponification value

») »

Iodine value .

0*940 (Davies and Holmes).

0-936-0-941 (De :N'egri and

Sburlati).

43°-8 C. (De ]S"egri and Sburlati).

3r-2 C.

155°-6-170° „

211 (Davies and Holmes).

159-161 (De ^^egri and Sburlati).

The amount of free acid found in a sample examined by De

Negri and Sburlati was 1"18 per cent., calculated as oleic acid.

Very recently Jenkins has made the following communi-

cation concerning Japanese wood oil :

—

Specific gravity at 12° C. 0-9385

Point of solidification . . . . below 17° C.

Iodine value . . . . 165-7

Saponification value 194

Hehner value 96-4

Unsaponifiable matter 0-54 per cent

Temperature rise in Maumene's test 372

Melting point of the fatty acids 37° C.

Solidifying point „ „ 34° C.

Iodine value of ,, „ 150-1

Viscosity in Eedwood's apparatus at 12"5°CI 41

If 5 grms. of oil are mixed with 2 c.c. of carbon bisulphide

and 2 c.c. of sulphur chloride and the mixture stirred in the

cold, a thick lumpy jelly is formed. At the boiling point of

water a skin begins to form on the svirface of the oil in 1

5

minutes, in 2 hours it completely covers the oil ; after 4

hours' heating the increase in weight is 1*44 per cent. In

the elaidin test a dark brownish-red mass is formed, consist-

ing of a heavy, almost solid, portion and an oily residue

;

4
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when stirred \ip the whole is very viscous. With Becchi's

reagent a deep reddish-brown mass is produced ; strong

sulphuric acid converts the oil into a solid black mass ; nitric

acid of 1"4 specific gravity forms with the oil a soft mass

which, on standing, becomes darker and harder. When 5 c.c.

of a saturated solution of iodine in chloroform are added,

whilst stirring, to a solution of 1 grm. of oil in 5 c.c. of

chloroform, the mixture solidifies in 2 minutes to a stiff

jelly ; when '2 grms. of oil are used, the mass is so hard

that it can be powdered. When heated in the absence of air

to 180° C, small quantities of vapour are given off, but the

oil does not become more viscous; above 250° C, the oil

changes to a solid clear elastic mass, which is insoluble in the

ordinary oil solvents, and does not again melt at the temper-

ature of its formation.

In regard to the drying of the oil, the following observa-

tions have been made :—If a very thin layer is spread upon

glass it dries in a closed space in about 24 hours, with

a whitish appearance, so that the combination of oil and

glass is no longer transparent but resembles ground glass.

In thicker layers it requires several days to dry off If the

coating is exposed to the light, even thick layers dry in a few

hours ; the oil which has been heated alone, without additions,

shows on drying the same whitish appearance, whilst oil

which has been heated with litharge dries clear and bright, as

boiled linseed oil does under any conditions. The oil shows

the greatest peculiarity after drying ; whilst raw and boiled

linseed oil and the other drying oils form a slight skin which

gradually thickens from below, wood oil dries uniformly

throughout, so that tlie lower layers are as dry as the upper.

Even quite thick layers may l^e removed as a soft but still

somewhat brittle coating, which is uniform throughout. The

slight adhesion of the dried coating to the smooth surface of

the glass is remarkable.
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Lcker also examined wood oil. He found

Specific gravity . 0-937

Saponification value 197

Iodine value . ' 163

Melting point of the fatty acids 43-84° C.

Solidifying 31-4° C.
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The oil mixes with chloroform, ether, petroleum spirit, and

fatty oils in every proportion, but not with alcohol. The

formation of a jelly, already observed by others, on mixing 5

grms. of wood oil with 2 c.c. of carbon bisulphide and 2 c.c.

of sulphur chloride, does not occur when the oil has been mixed

with the oil of Dipterocarpus turbinatus, a common adulteration.

Ferdinand Jean remarks concerning wood oil : This oil is

obtained by pressing the seeds of Elceococca vernicia, a tree

belonging to the family of the Euphorbiaceae, which grows in

China and Cochin China. The oil should not be confounded

with the wood oils of Cochin China obtained by puncturing

the trees of the family of the Dipterocarpea. The constants

of the oil are as follows:—Specific gravity at 15°C., 0-940

(the density of the three oils generally designated wood oil,

white, light, and black, varies between 0'960 and 0-966); re-

fractometer, l°-80
;
point of ignition, 260''C. ; acidity calcu-

lated as sulphuric acid, 0-784 per cent. Sulphuric acid pro-

duces a black coloration. The elseococca oil is golden yellow

and clear; at 18° C. it becomes considerably thicker, without

losing its transparency. When heated for some time at 200°

C. it becomes suddenly solid, and forms a transparent jelly

which does not adhere to the finger ; this property depends

on the absorption of a very large quantity of oxygen. It has

extraordinary drying powers. Under the influence of light it

solidifies withovit air being necessary. Upon a smooth

metallic surface it produces a transparent varnish in a short

time. It is completely saponifiable, and contains 7 2 per cent,

of fatty acids, which melt at 44° C.
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The writer's own experiences with Chinese wood oil now

follow. Wood oil has recently become an article of com-

merce. Two varieties, Canton and Hankow oil, are offered by

the Hamburg importers, according to the arrivals. Although the

price is still high, on account of its peculiar and signal property

of drying throughout in a short time under the influence of air

and light, it has already obtained an entrance into the manu-

facture of varnishes and paints. There is no doubt that when

thorough research has been made a number of applications

will be found for it. Thus Chinese wood oil is used for

oiling floors on account of its hardness, also in the manu-

facture of waterproof materials it has been made into a

substance similar to oilcloth and distinguished by great

elasticity.

The samples of wood oil used in the author's experiments

were partly Hankow and partly Canton oil. The two

varieties were tolerably similar in consistence and colour

;

they had the same peculiar odour, recalling dripping, by

others thought to smell like bugs. Some samples were

turbid, others quite clear and transparent. In most cases

the turbidity disappeared on heating, and both varieties of

oil—Hankow and Canton, turbid or bright—dried with a

whitish appearance not shown by the heated oil. The

formation of this translucent whitisli layer on drying is

probably due to the presence of mucilage and albumin.

Thus the raw oil cannot well be employed if it is to be used

in the same manner as linseed oil ; it must be heated with

several per cent, of lead oxide (litharge or red lead), for

without this addition it gives a non-transparent layer. The

same inconvenience would not be caused if the oil w^ere used

in paints, Ijut it is necessary to heat it in order to obtain

increased drying power. When the oil is heated alone, or

with lead or manganese compounds, it is necessary to keep

the temperature carefully below 200° C, otherwise—especially
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with manganese compounds (manganous borate)—thickening

occurs, and in a very short time complete gelatinisation,

which makes the product incapable of further use. The oil

should thus only be heated to 160' or 180° C. as a

maximum. The pan should then be withdrawn from the fire,

or the fire extinguished and the driers then added ; this

treatment is sufficient to give to the oil the desired drying

power and to remove the above-mentioned drawback. Pig-

ments ground with oil treated in this manner produce paints

of excellent properties, which in a short time dry hard

throughout, and not as the paints made with linseed oil

—

dry only on the surface, but in the lower portions of the

layer still soft after a long time. Paints which dry hard are

in demand, and the higher price is unimportant in their case.

This same important property makes wool oil also

suitable for the manufacture of oil varnishes ; it cannot,

however, replace the oils used in spirit varnishes, because it

is absolutely insoluble in alcohol. In using this oil for oil

varnishes, it is of the first importance to consider that at a

temperature of about 200° C, when heated with lead or

manganese oxides, it thickens considerably and even gela-

tinises. Thus that method of manufacture must be used in

which the completely melted and cooled copal is dissolved in

the hot oil at a temperature below 160° C. Then the

varnish can be boiled with dryers without fear of gelatinisa-

tion. The combination of wood oil with linseed oil gives

very good results, and especially in the case of varnishes for

outside use ; the former oil imparts hardness, the latter

elasticity. The smell of Chinese wood oil is very peculiar
;

it is retained by dried coatings so persistently that even

material similar to oilcloth, which has been dried in hot air,

retains the odour even for months, just as oilcloth always

smells of linseed oil even after the lapse of years. Naturally,

this peculiar dripping - like smell is perceptible with the
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varnishes made from this oil, and it appears necessary to

remove it entirely or to reduce it very considerably. It is

hardly sufficient t(j hide the smell by an essential oil, because

when tliis lias evaporated the smell again appears. Other

means must be found ; such are—shaking with a dilute

solution of potassium permanganate, with a filtered solution

of bleaching powder, filtering over bone black, mixing with

potato starch and filtering after long standing. It is said to

be possible, by the process of Bang and Euffin, to obtain

tolerable freedom from smell by the action of dry air. The

oil is warmed in a suitable pan to 50° C, which temperature

must not be exceeded ; a current of air is then introduced by

means of a fan or blowing machine, and continued at least

6 to 8 hours, after this period the oil is considerably

improved in odour and can be used without hesitation for

varnishes.

It should not be omitted to state that wood oil should

not be regarded as a substitute for linseed oil, but as a special

drying oil from which can be made varnishes, oils, and paints

with tlie special property of drying rapidly and completely

throughout. On this account it ought not to be necessary

to lay great stress on making the oil free from smell ; the

characteristic smell should rather serve as a peculiarity of

the substance, especially as it is not unpleasant.

The Consular Eeports of the United States contain the

following information concerning Chinese wood oil. " The

Chinese oil tree, Alcuritcs cordata, belongs to a family very

common in China, to which the name ' tung ' is given. The

oil tree itself is called ' ying-tzu-tung,' so called after the

shape of its fruits, ' ying ' meaning bottle. It grows to a

height of 10 to 15 feet in stony ground, and chiefly

in Hunan, Hufeli, and Szeihuen. The fruits, which are

gathered in August and September, contain five to seven

large and poisonous seeds, from wliich tlic oil is expressed.
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Hankow is the principal place of export, from which, in

1895, 290,631, and in the first 9 months of 1896,

188,556 piculs of oil were exported. The oil is obtained

in a similar manner to earth-nut oil. The nuts are

collected, dried and placed in an ordinary Chinese reis-kwo

(a shallow iron vessel 2 feet in diameter), which is put over

an open fire. They are then ground to powder by stones and

pressed in wooden presses, when the oil flows out
;
generally

it becomes bright only after some time. It is principally

used for varnishing boats—every Chinese boat receives one

or two coats—in the preparation of varnishes and waterproof

materials, for medical purposes, and in western China as

a burning oil. Mixed with lime, it forms a good cement

for earthenware. The mass from which the oil has been

extracted is burnt ; it produces a valuable soot, from

which Indian ink is made. At the place of production the

oil costs about 2*5 taels (dollars) per picul, but in Hankow

already double as much. In the fresh state it is said to be

extremely poisonous. It appears to be largely adulterated

in China with cheaper oils, especially cottonseed oil."

A careful examination of all the researches here quoted

shows that the statements regarding the properties of Chinese

wood oil agree only in that the oil dries well and that it

gelatinises at a certain temperature. The cause of the

difference in the analyses and estimation of the constants

lies, in the first place, in the great difference in the oils

themselves, which are not produced from the same material

worked in the same way, and in the manner of the investi-

gation. The time is within sight when the properties of

wood oil will be definitely known.

Eosenblum and Eideal obtained from wood oil substances

which they call " tungates." Wood oil is saponified by

potash, soda, or ammonia ; by double decomposition of the

alkaline soaps with solutions of metallic salts, metallic soaps
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are obtained, which can be used as driers. These metallic

soaps are readily soluble in linseed oil ; much smaller

quantities produce the same effect as resinates and linoleates.

If ozone be blown through oil containing 0'7 per cent, of

" tungates " at 130° F., a viscous and colourless oil, which

dries very well, is obtained. The metallic salts are also

soluble in turpentine.

Substance resemhling indiarubher from Chinese wood oil.—
This substance, which possesses considerable hardness, good

face, resistance to changes of temperature, the action of

chemicals and weak acids, and which is said to be used in

the manufacture of varnishes, consists principally of wood oil,

manganese borate, and Caucasian pyrolusite, which contains

a large percentage of manganese and a small percentage of

oxygen. The oil is mixed, at about 150° C, with 0'5 to 2

per cent, of manganese borate and 1 to 3 per cent, of

Caucasian pyrolusite, both in powxler ; it is then heated to

200° C, with continual stirring, and maintained at this

temperature for 1 to li hours, until complete oxidation

occurs, i.e. until the mass has solidified to a rubber-like

substance. The proportion of pyrolusite and manganese

borate is chosen according to the drying capacity required,

which can thus be easily regulated.

PuMPKiNSEEi) Oil.

Kilrliskerndl.

Huilc de 2^^pins de citronelle.

The material from which the oil is obtained is the seed of

Cucurhita ])e])o, L. Tlie oil is much used in Austria-Hungary

as an edible oil : amono; the edible oils it stands next to

olive oil in price. Since the constants of this oil are not yet

widely known a number of pure oils were examined, some
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of which were expressed from the seeds and some obtained

from commercial sources. The oils obtained by cold and hot

pressure gave almost the same values. The following are

the extreme figures :
—

Specific gravity 0-923-0-925

Iodine value (Hiibl) .... 122 -8-1 30-7

Saponification vahie .... 188•4-190 "2

Refractometer at 35° C. . . . 70*0- 72*5

Melting point of the fatty acids

—

Commencement.... 26*5- 28*5

End 28-4- 29-8

The following oils might be used as adulterants—lin-

seed, sesame, cottonseed, and rape. In a commercial oil

which possessed the under-mentioned constants Voda, to

whom this examination is due, ascertained the presence of

about 36 per cent, of cottonseed oil and 64 per cent, of

pumpkinseed oil. ,

Adulterated Sample.

Specific gravity at 15° C. .

Iodine value

Saponification vahie .

Melting point of the fatty acids

Refractometer at 35" C.

Becchi's reagent gave a positive result.

Linseed Oil.

0-92527

119-6

190-2

30''-5 C.

69-2

Leinol, Leinsamenol.

Huile dc tin.

The raw material from which linseed oil is obtained is

linseed, the seed of Liniim usitatissirmim, the flax plant, which

is cultivated principally on account of its fibre, but in some

countries only for its oleaginous seeds.
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The chief tlax-growing countries, the Baltic provinces of

Eussia, India, Egypt, North America, and recently also South

America (Brazil), also produce the largest quantities of com-

mercial linseed. Connnercial linseed is intended either for

sowing or for the extraction of oil. The species of seed used for

sowing is heavy, ripe, fresh, and still capable of germination

;

for pressing, the smaller seeds are used, which may be In-ought

from the fields whilst still unripe, or have lost their power

of growth in consequence of long or careless storage. Unripe

linseed is chiefly used for crushing, it is obtained as a by-

product of the flax manufacture. The flax only produces a

satisfactory fibre when it is harvested before the seeds are

ripe. The seeds which are then obtained are quite suitable

for crushing, but not for sowing. For technical purposes,

seed for crushing alone comes into consideration, since fresh

seed for sowing is only produced in small quantity, and in

those regions where linseed oil is used as a food or in the

preparation of foods.

Each fruit of the flax plant contains ten seeds. The

seeds attain a length of 3 '5 to 5 mm., are much flattened,

oval in outline, with a smooth surface and greenish-brown

to brown colour, of a slight but unpleasant smell. At the

small end is the hilum. Under the microscope the surface

does not appear smooth, but covered with delicate indenta-

tions. The average weight of a single seed is 0"3 to 0"5

mgrnis. The seeds suitable for sowing are about 5 mm.

long, and over 0'4 mgrms. in weight. Good linseed, which

has become incapable of germination, is of the same size and

weight, and such seed is to be preferred for crushing before

unripe seed, which is smaller, lighter in weight, and generally

very greenish in colour. The anatomical examination under

the microscope affords a means of distinguishing ripe from

unripe seeds. In the seeds three parts can be clearly dis-

tinguished—tlie husk, the embryo, and albumin. The albumin
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adheres closely to the husk. In the interior of the seed lies

the greenish-yellow embryo, with the radicle ahout 1 mm.

long surrounded by the whitish albumin. The hard and

brittle husk is made up of five layers. The external layer

is a skin composed of colourless cells, the outer layers of

which swell up considerably in water. Next follows a layer

of cells consisting of soft elements, in which is enclosed a

layer of tissue formed from long sclerenchymatous cells,

which latter give the husk its hardness and density. The

next following fourth layer of tissue has great similarity with

that lying beneath the epidermis, it also is composed of soft

cells joined together. The fifth and innermost layer consists

of grouped polygonal cells flattened parallel to the surface

of the husk, which contain a brown granular substance. This

layer gives the husk of the linseed its peculiar brown colour.

In grinding, the tissues of the husk, down to the sclerenchyma

cells and the elements of the innermost skin, are destroyed.

Portions of the third and fifth layers are generally to be

found whole in linseed meal ; they can always be used to

recognise this meal as such or when pressed, and also when

the meal is used as an adulterant of other meals. The

albumin consists of soft polyhedral cells, which contain drops

of fat and aleurone grains when the seed is ripe ; in the

unripe state they also contain starch in small granules. The

diameter of the cells is 0*009 to 0*0 13 mm.

The tissues of the embryo are made up principally of

cells, which in form, size, and contents agree with those of

the albumin. Among these cells lie the elongated and com-

pressed rudimentary organs. The fresh seeds, when some

time immersed in water, become coated with a transparent

jelly, which dissolves in the water when the immersion is

of long duration.

The seeds contain about 33 per cent, of oil, of which

approximately" 2 6 per cent, is technically extracted. Accord-



60 DRYING OILS

ing to Chevallier and Lassaigne, linseed contains the following

amounts of oil, according to the country of growth :

—

Flanders ....... 39 per cent

Russia ....... 35

Nantes (Picardy) ..... 33

Brittany, Strassburg, La Rochelle, Rochefort 31

Hamburg....... 30

St. Petersburg...... 29

The seeds also contain about 8 per cent, of water, 25 per

cent, of albumins, and 4 to 5 per cent, of mineral substances.

In regard to linseed for sowing, the seed from northern

countries has the reputation of producing good fibre, that

from southern countries a better fruit. Thus the Baltic

province of Eussia and East Prussia are renowned as pro-

ducers of seed for crushing ; Riga, Windau, Pernau, Libau,

Memel, and Konigsberg supply not only Germany, Belgium,

and Southern Europe, but also North and South America

and Australia ; the Riga seed is accounted the best. The

Tyrol, Saxony, Bavaria, Holstein, Mecklenburg, and Hungary,

however, produce equally good seed ; Egypt, North America,

and India produce large quantities. The important characters

of linseed are its source, fertility, and freedom from the seeds

of weeds. The origin of linseed cannot well be ascertained,

except from the markings on the seamless bags or on the

barrels in which Russian seed (for sowing) is generally packed.

Seed for oil mills is usually exported in sacks.

The impurities of linseed consist, besides sand and earth,

principally of the seeds of Camelina dentata, Polygonum

lapatlisfolium, Lollum arvense, and Spcrgida arvcnsis. The

presence of the first of these ("dotter") is regarded by buyers

as a sign of genuine Riga seed. Good linseed (for sowing)

should not contain more than 1 per cent, of foreign con-

stituents. Thus, for example, if a sample of Russian seed
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were described as " 7 or 7| measm-es," i.e. containing 7 or

71 parts of genuine linseed in 8 parts of seed (1 2*5 or 9

per cent, of impurities), it would be unsuitable. There are

certain signs by which the fertility of linseed is judged, none

of them reliable. The belief that seeds which float on water

are not capable of germination, is as little true as the com-

plementary belief that sinking in water indicates fertility.

Another test is to press a handful of the seed between the

fingers, when the good seeds will quickly slip out ; but the

good seeds themselves feel somewhat fatty and adhere to the

hand. The following test is also much used :—A number of

seeds are thrown on a red-hot metal plate or heated in a

spoon over a flame ; the seeds which burst are regarded as

fresh and good, those which remain still as dead. This result

is due to the larger or smaller quantity of water in the seeds,

which, under the conditions mentioned, bursts the husk and

by the recoil throws the seed out. The unreliability of this

test has been shown experimentally ; such methods of deter-

mining the fertility of seed have been replaced by a systematic

test of fertility, carried out with a certain number of seeds

chosen at random ; in this manner alone can a reliable estimate

be made. Good seed must have a fertility of 90 to 99 per

cent. ; in spite of the oil content, the seed retains its fertility

longer than many other seeds. Seed two years old, which

has been properly stored, may be used without hesitation,

and is to be preferred to fresh seed of a lower quality.

The chemical composition of linseed is, according to

Lousserpoult

—

Oil

Organic matter, free from nitrogen .

39 per cent

19

„ „ containing nitrogen

Cellulose ..... 20 -.5 „

3-2 „

Phosphates and other salts

Water

6

12-3 „
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The ash of linseed coiitaius (Lichtenweiss)

Potash . 25-9 per cent

Soda . 1-3 „

Lime 26-00

Magnesia 0-2

Ferric oxide . 3-7

Phosphoric acid 40-10

Sulphuric acid 1-00

Chlorine 0-90

Silica . 0-90

Into the Amsterdam linseed market come, in addition to

native seed, most of which is used locally by small works and

which always contains but little foreign seed, the ditl'erent

Hussian, British-Indian, and La Plata varieties of seed. The

last named is generally tolerably pure, and contains rarely

more than 5 per cent, of impurities (foreign seeds, dirt, etc.),

and the foreign seeds are almost exclusively non-oleaginous.

Almost the same is true of the seed from British India ; the

impurities rarely exceed 5 per cent. ; they consist principally

of non-oleaginous seeds. At times Brassica seeds to the

extent of 1 per cent, are found. From Calcutta comes a

very poor quality of seed, known as " telqud," which often

contains 30 per cent, and more of foreign seeds, which are

frequently oil-bearing. The seed from Southern liussia (Black

Sea) contains usually no more or little more impvirity than

the good seed mentioned above ; occasionally bad samples

occur. The foreign seeds always contain those of the

Brassica species. The seed from Xorthern Eussia (Baltic

seed) is never pure. The amount of impurity varies

;

5 per cent, is small, 10 to 20 per cent, is common, and

higher percentages are found. The foreign seeds are to a

considerable extent oil-bearing, consisting of seeds of the

Brassica species, but chiefly of the dotter (Camelina dentata).

North American seed is rare ; it is always tolerably pure.
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The foreign seeds are seldom oleaginous, and are therefore

never estimated.

According to a private communication from a Dutch

varnish maker, all varieties of linseed do not produce oils

equally suitable for varnish making. The " hard " oils alone

are suitable, whilst the " soft " oils are generally unuseable.

In Holland the following varieties of seed are crushed :

—

Archangel, which produces the " hardest " oil.

St. Petersburg, Riga, Steppes, Viatka, Samara, Siberia,

Kbnigsberg, Libau, Avhich also produce " hard " oils,

when the seed does not contain dotter.

Fiiesland, American, Azoff, Odessa, which produce less

"hard" oils.

Bombay, Calcutta, which yield " soft "' oils.

At the same time, it should be stated that it is very

difficult to obtain the pure oils produced by the different

varieties of seed, since the seed is mixed by the crushers

before crushing, and also the oils produced are blended. The

oils are examined by Fischer's hydrometer for oils ; linseed

oils of 29° to 30" are regarded as very hard, those of 30° to

31° as good, whilst linseed oil of more than 31° is not to be

recommended.

Production of linseed oil.—The seeds are ground to a

meal and pressed, with or without previous heating, or ex-

tracted by carbon bisulphide, carbon tetrachloride, petroleum

spirit, etc.

Properties.—Cold-pressed linseed oil is very pale yellow

;

hot-pressed oil is more or less yellow or brown ; extracted

oil is also very pale yellow in colour. In taste linseed oil

differs from the non-drying oils, it is peculiarly sweetish-

bitter ; the cold-pressed oil has a pleasant sweet taste like

almonds ; the hot-pressed oil has a burning after-taste. The

odour is also peculiar and characteristic ; with a little practice

it is readily recognised.
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Specific gravity at 15° C.

18° C, raw oil

12° C.

25° C.

50° C.

94° C.

of the fatty acids

at 100° C.

0-9347 (Scliiibler).

0-9325 (Souchere).

0-9299 (Stiliirell).

0-939

0-930

0-921

0-881 (Saussnre).

0-8599 (Archbutt and

Allen).

. 11°-12C. (Allen).

. 17° C. (Hiibl).

13°-3 C. (Hiibl).

. 189-195 (Allen).

195-2 (Moore).

158 (Hiibl).

155-2 (Moore).

. 155-2-155-9 (Morawski

and Deniski).

Solidifying point of the oil : according to Gusserow, the

oil solidifies after some days at — 16° C. ; according to

Chateau, not below — 27° C. ; it melts at — 16° C. to

-20° C. (Glussner).

Melting point of the fatty acids

>) )? 55

Solidifying point of the fatty acids

Saponification value

55 5' • •

Iodine value ....
55 5) • • • •

Iodine value of the free fatty acids

According to Mulder, the pecuUar odour of linseed oil is

not due alone to volatile fatty acids, butyric, valeric, capronic,

etc. Linseed oil is soluble in 16 parts of ether and in 40

parts of alcohol at the ordinary temperature, and in 5 parts

of boiling alcohol ; with turpentine and petroleum spirit it is

miscible in every proportion. Linseed oil boils at 230°, at

380° to 400° C. the malodorous whitish-grey vapour, already

evolved at 300° C, takes fire spontaneously, and the oil then

burns with a red flame, producing much smoke. When lieated

for several liours near the temperature at which it takes fire,

linseed oil becomes a thick syrup ; it tlien produces no grease

mark on paper. Fresh linseed oil saponifies readily, with
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soda it forms a soft yellow soap, from the aqueous solution of

which hydrochloric acid separates a limpid oil consisting of

the fatty acids, which on cooling deposits crystals of palmitic

and stearic acids. In the air it absorbs oxygen, and soon

becomes rancid and viscous ; in thin layers it dries to a neutral

substance, insoluble in ether—linoxyn.

Pieszczek, of Konigsberg, has made the following observa-

tions concerning a certain sample of linseed oil of poisonous

action :
—

" Freshly pressed linseed oil is used in many

districts, for example, in East Prussia, in the preparation of

certain foods. From the producers of such an oil in this

province I received a sample for examination, accompanied by

the information that the oil ' caused general indisposition and

dizziness ' immediately after eating ; in short, clear indications

of poisoning. The material from which the oil was prepared

was stated to be in ' good condition.' From its external

properties the oil appeared to be of medium quality ; there

was nothing unusual in smell, taste, or colour. The specific

gravity, iodine value, and saponification value lay within the

permissible limits. A small percentage of oil emanating

from plants belonging to the cruciferese could be shown by

means of the silver nitrate test, but this did not explain the

toxic action. In order to probe the affair to the bottom I

demanded an average sample of the seed from which the oil

had been made. The examination of this sample gave a

surprising result. The seed described as of * good condition
'

contained 35 per cent, of impurities, which could be sorted

out. Among the impurities were 15 per cent, of the seeds of

Lolium temulentum (more properly, L. remotum). Thus there

is no doubt that the toxic action of the apparently hot-

pressed oil was due to this impurity, although by many
Lolium is regarded as non-poisonous. The fact, well known

to the farmer, that the horse avoids Lolium, may be equally

due to the poisonous nature of this plant."

5
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Hurst gives the following directions for testing the suit-

ability of linseed oil for the practical purposes of boiling and

paint making:—'The specific gravity of the oil at 60° F. is

first determined, which is best done by the specific gravity

bottle. The bottle is weighed empty and dry, then filled with

the oil, which is at 60° Y., the formation of air-bubbles

being avoided, tlie outside of the bottle is carefully cleaned,

and it is then weighed. The weight of the oil, which is

obtained by subtracting the weight of the bottle from the

total weight, is divided by the weight of water which the

bottle can contain. The result is the specific gravity, which,

for pure linseed oil at 60° F., is 0'932 to 0"935. If it is im-

possible to work at 60° F., a correction must be applied. The

number of degrees over or under 60° F. is multiplied by

"00035, and the product added to or subtracted from the

specific gravity obtained. For example, if 0'931 has been

found at 65° F., the specific gravity is 0"93275 (0"00035 x

5 = 0"00175). Oils which have a specific gravity below

0'930 or above 0"937 are to be regarded as unsatisfactory

without further examination. The flash point of the oil is

a further test. Linseed oil takes fire about 500° F. ; if it

contains mineral or rosin oil it takes fire at a lower temper-

ature. An evaporating dish is placed upon a metal plate on

a tripod, and protected from draughts. The dish is filled with

the oil, and a thermometer w^ith a sufficiently long range hung

in it. The fiame of a Bunseii burner is arranged below the

plate carrying the dish, and both oil and thermometer

observed. Vapours soon rise from the oil ; the temperature

is now observed, with a pure oil it should be 300° to 350° F.

Then a small flame is moved just over the surface of the oil,

until the vapours suddenly take fire witli a blue flame. The

temperature at which this occurs is the flash point ; with

pure linseed oil it lies about 500° F., rather above than

below. If the sample contains mineral oil it flashes at about
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400° F. ; if it contains rosin oil, at about 320° F. Other

adulterations are rare.

Preparation of linolic acid.—In order to obtain linolic

acid, linseed or poppy oil is completely saponified with

caustic soda. The soap is treated with hot water and

caustic soda and purified by salting out repeatedly. It

is then dissolved in much water and calcium chloride

added, when the lime salts of the fatty acids are pre-

cipitated. The precipitate is washed with water, pressed,

and treated with ether, in which calcium linolate alone dis-

solves, whilst the lime salts of the other fatty acids remain

undissolved. The ethereal solution is decomposed with dilute

hydrochloric acid, when calcium chloride goes over into the

aqueous solution, the linolic acid remaining dissolved in the

ether. The solution of linolic acid is separated from the

watery solution, and the ether distilled off in a current of

hydrogen at the lowest possible temperature. Dark yellow

linolic acid remains, which, however, is not yet pure ; it is

dissolved in alcohol, and precipitated as barium Hnolate by

means of ammonia and barium chloride. The barium salt

is washed, pressed, and dissolved in ether, from which solu-

tion warty crystals separate. These are repeatedly recrystal-

lised from ether. From the barium salt linolic acid is obtained

by shaking with ether and dilute hydrochloric acid, removing

the ethereal layer and distilling off the solvent in a current

of hydrogen ; the residual acid is dried under the air-

pump over sulphuric acid and a mixture of lime and

ferrous sulphate, which absorbs any oxygen present. Not

quite pure linolic acid is obtained by decomposing lead

linolate with sulphuretted hydrogen, and extracting with

ether.

Linolic acid is a thin, shghtly yellow oil of specific gravity

0'9215 at 15° C, strongly refractive, and with a weak acid

reaction ; the taste is at first mild, but afterwards harsh. It
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does not solidify at— IS'' C, is insoluble in water, but readily

soluble in alcohol and ether. On standing in the air, linolic acid

readily absorbs oxygen (about 2 per cent.), becoming viscous and

sticky ; it finally changes to a varnish-like mass. Thin layers

upon wood dry to a varnish, but on glass become sticky. On
treatment with hydriodic acid and red phosphorus, linolic acid

is converted, by absorption of hydrogen, into stearic acid. It

is not volatile without decomposition ; on distillation other

products are formed than from oleic acid. It does not form

sebacic acid. Nitrous acid turns linolic acid into a thick

liquid ; crystals of elaidic acid or allied acids are not separ-

ated. Nitric acid produces a soft resin with considerable

effervescence. The salts of linolic acid are obtained pure with

difficulty, since they readily decompose with formation of

acid salts. They are white and generally non-crystalline

;

on cooling of the hot alcoholic or ethereal solutions they

separate in flocks ; on spontaneous evaporation of these solu-

tions a jelly is left. The salts of linolic acid become brown

in the air, and acquire a peculiar smell. According to Hazura,

the liquid fatty acids of linseed and poppyseed oils have the

following percentage compositions :

—

Linseed Oil. Poppyseed Oil.

Linolenic acid .... 15 5

Isolinolenic acid . . . . 65

Linolic acid .... 5 60

Oleic acid 15 35

The linseed oil acids are used in varnish making to give

elasticity to spirit varnishes, and very recently have been

reconmiended as a solvent for copals. They have also been

proposed as a priming for fresh cement, upon which oil

paints do not stand, but in a shcn-t time S(jften and run

off.
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PoppYSEED Oil.

3[ohn'6l.

Huile de pavot somniferc, huile d'ceillete, huile de pavot de

pays.

This oil is obtained from the seeds of the poppy plant,

Papaver somniferum, L., indigenous in the Eastern countries

of the Mediterranean region. Since ancient times the plant

has been cultivated in many parts of Europe, Asia, and Africa,

and in more recent times in North America and Australia

(New South Wales), partly as the material from which

opium is obtained, and partly for the sake of its oleaginous

seeds. There are two chief varieties of the poppy, Papaver

album, D.C. and Papaver nigrum, D.C., the former of which

bears white, the latter bluish-black or grey seeds. The white

poppy produces the finest oil, and its seeds are those which

are used for medicinal purposes. The oil is generally obtained

from the black poppy, the cultivation of which has been found

to be more profitable. Both varieties contain the same quantity

of oil, 60 per cent. The smell and taste of poppy seed are

well known, as also the form, which, accurately considered, is

a flattened sphere, kidney-shaped in section. The weight of a

poppy seed, according to Fliickiger, when air dried, is about

0"5 mgrm. The surface of the seed shows ridges arranged in

trellis fashion.

. In each seed may be distinguished husk, embryo, and

albumin (endosperm). The husk is about 0*0 14 mm. thick
;

it is enclosed by a skin covered with a thick cuticle, next to

which comes parenchyma composed of collapsed cells. In

the white-seeded variety this tissue has colourless contents,

but in the dark-seeded variety, in the inner layer of the

tissue are solid contents of brownish colour. The embryo is

relatively large ; the cotyledons and radicles are of equal length.

The embryo is curved, it is composed of thin-walled cells,
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partly parenchymatous, partly composed of cambium tissue.

The former contain oil drops in great (juantity, and large

aleurone grains, which in dimensions, form, and general struc-

ture agree with the analogous parts of the endosperm. This is

composed of similar tissue, the cells of which are filled with

small fat globules and large aleurone grains. In isolated

aleurone grains is seen a clearer nucleus.

According to Sacc, white poppy seeds contain

54*61 per cent, of oil.

23*26 „ proteins,

about 12*00
,, albumins.

,, 6*00
,, cellulose.

The seeds give 2 to 3 per cent, of ash, consisting chiefly of

calcium phosphate.

Good poppy seed for sowing must contain kernels averag-

ing at least 0*5 mgrm. in weight, must be uniform in colour, not

contain more than 0*2 per cent, of foreign constituents, and

nmst be fertile to the extent of 90 per cent. For the produc-

tion of oil, complete ripeness and freshness are recpiired ; the

freshness is recognised by the taste, and by an examination of

the fertility. Direct adulteration with the seeds of wild varieties

of the poppy cannot be successfully carried out, owing to the

characteristic form, size, and colour of the garden poppy seed.

Production of pop2)yseed oil.—This is accomplished by

crushing and pressing or extracting.

The production of poppyseed oil is an important industry

in Northern France ; the oil is used on the spot to the extent of

about one-half, the remainder goes to Southern France, where

it is used in the manufacture of special soaps. In Germany

it is most largely produced in I>aden, Bavaria, and Wiirtem-

berg. In the manufacture of the oil the poppy lieads, as

soon as they liave reached a certain degree of dryness, are

opened, their contents shaken out on an iron plate, fanned to

remove portions of the head, and then ground in the mill to a
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meal, wliicli is filled into a bag of ticking and pressed. The

oil is caught in jars and casks, and allowed to stand until it

is completely clear, when it is poured off and brought into

the market.

In France two varieties of poppyseed oil are distin-

guished—white poppyseed oil, the food oil {huile blanche)

from the finest seed and expressed at the first pressure, and

the commercial oil, red poppyseed oil (huile rousse) obtained

by the second pressing and from seed of poorer quality.

Properties.—The best poppyseed oil is white, and when

fresh of pleasant taste
;
poorer qualities are golden yellow

;

oil of the second pressure is reddish.

Specific gravity at 15°c. 0-924 (Souchere).

JJ 55 55
0-924-0-937 (Allen).

J5 55 55
0-962 (Clarke).

55 55 18 " G. 0-9245 (Stilurell).

Solidifying point -18° C.

Melting point of the fatty acids 20°-5 C.

Solidifying point ,, 55
16°-5 C. (Hiibl).

Hehner value 95-38 (Dietzell and

Kressner).

Saponification value . 194-6 (Valenta).

55 55
192-8 (Moore).

Iodine value . 136 (Hubl).

55 55 • •
134 (Moore).

Poppyseed oil does not readily become rancid ; it burns

badly, it smokes less than olive oil and thus produces less

soot, but it gives a bad light. It is soluble in 28 parts

of cold and 6 parts of boiling alcohol, mixes with ether in

every proportion ; it is bleached by exposure to light. It

possesses none of the action of opium. When subjected to

dry distillation, poppyseed oil gives, on heating over an open

flame without boiling, a thick colourless oily distillate, which

partially solidifies on cooling, has a weak acid reaction, but

gives up no trace of sebacic acid to water. When nothing
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more conies over, if the receiver is changed and more heat

applied, the oil boils and produces much acrolein, together with

an oily distillate which imparts a strong acid reaction to water
;

it contains sebacic and acrylic acids. If the distillation is

finished when about half the oil remains, the retort contains

on cooling a soft, thick substance, little coloured, with many

of the properties of the anhydride of linolic acid, but more

readily melted on heating.

A23}ilicatio7is.—Alimentary : as olive oil and other fatty

oils.

Technical : in the manufacture of soaps, as l)urning oil,

and as binding medium in oil painting and the preparation of

paints.

Walnut Oil.

Nussdl.

Huile de noix.

Walnut oil is obtained from the well-known fruits of the

walnut tree, Juglans regia, L., which belongs to the order of

Juglandeffi ; it grows in Northern Asia, Europe, and America.

The fruit contains one kernel, surrounded by a tough,

leathery, fleshy husk, which, in ripening, shrinks and be-

comes brown. The hard bivalved shell of the kernel en-

closes a bilobed swollen seed, oily and of pleasant taste. In

regard to the form of the fruit, the following varieties are

distinguished—the " horse nut," with a very large fruit of

poor flavour ; the " Meisennuss," with a very thin shell ; the

" Kriebelnuss," with a very hard shell ; the " Schlagelnuss
"

(mallet nut), with an elongated kernel ; the " butter nut," of

long, round shape. The palatable kernel, wlien fresh, is

surrounded by a thin bitter skin, which can l)e removed, but

when the fruit is kept this skin loses its bitter taste and

adheres fast to the kernel.

Production of ivalnut oil.—The fruits from which the
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oil is obtained must be 2 to 3 months old ; when fresh

they contain a whitish sap, which on pressing produces a

turbid oil, brightening with difficulty. When kept too long

the seeds produce a bad rancid oil, which also brightens

slowly. The seeds contain 40 to 50 per cent, of oil; they

are generally cleansed from the yellow seed skin, ground and

pressed, first cold, when 30 to 35 per cent, of oil is obtained,

then warm, when 10 to 15 per cent is expressed. The yield

in hot pressing is about 45 per cent.

Properties.—The fresh cold-pressed oil is thin, almost

colourless or pale greenish yellow ; the colour, however, soon

fades. The odour is pleasant, the flavour nutty ; the oil

readily turns rancid, and then possesses purgative properties.

The warm-pressed oil is deeper in colour, and has a peculiar

sharp smell and taste.

Warm -pressed Cold-pressed

Oil. Oil.

Specific gravity at 10° C. . 0-9300 0-9290

)j jj
IT C. . 0-9290 0-9276

>j j>
15° C. . 0-9286 0-9250

>) J)
20° C. . 0-9236 0-9230

Viscosity at 15° C. . 9-7 (water = !)•

>) )j
7°-5 C. . . 11-8

The oil is still thin at — 15° C, at — 17° to — 1 8° C. it

begins to thicken, forms a transparent mass at — 24° C, and

solidifies at — 27° to — 28° C. to a white hard fat. It dissolves

in 100 parts of alcohol, and more readily in hot alcohol

;

on cooling, crystals of fatty acids separate. The oil contains

the glycerides of linolic, myristic, and lauric acids.

Saponification value ...... 196-197

Iodine value, 142-143

Melting point of the fatty acids . . . .
20° C.

Solidifying point „ ,,.... 16° C.

In regard to the iodine value, it should be observed that it

rapidly falls with increasing oxidation of the oil.



74 DRYING OILS

Nitric acid gives a yellow coloration ; nitric acid con-

taining nitrons acid, a reddish yellow ; fnniing nitric acid, a

dark red. Sulphuric acid of 1 '7 specific gravity ])roduces a

hrownish, tlien l)rown coloration. A mixture of sulphuric

and nitric acids give first a brownish yellow, then a brown

coloration. Zinc chloride is without action. Ammonia and

caustic potash give yellowish-white emulsions ; with caustic

soda it is saponified just as linseed oil. Adulteration with

bleached linseed oil is the most common ; it is recognised by

the soft resinous mass formed in the sulphuric acid test.

Walnut oil possesses greater drying powers than linseed oil,

and in drying does not crack.

Apjdications.—Alimentary : fresh cold-pressed oil is an

excellent edible oil.

Technical : for oil paints and printing inks, in the manu-

facture of soap, and also, on account of the fine bright

liu'lit, as an illuminatins oil.

Castor Otl.

RicinvM)l.

Huile dc rlcin.

The common castor oil plant, Ricinus coniiminis, L., and

several closely allied forms, probably varieties of this species,

but by many authors classified as distinct forms, produce

seeds from which the oil is obtained in many warmer

countries, wliere they principally grow. The liabitat of

B. communifi, L., is India ; B. viridis Willd., and B. ruber,

Ituni])])., l)oth of which are cultivated in the East Indies

together witli the first-named, also ])elong to the flora of

India. In addition, B. americanus, B. inermis, Jacq.,

B. lividus, Willd., B. africanus, Willd., and probably other

species also, are cultivated. The castor oil plant is most
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extensively grown in India, but also in certain West Indian

islands ; in North America, Algeria, and recently in Italy,

there is a large annual crop of castor oil seeds, from which

the oil is obtained. The castor oil plant was known as an oil

producer in ancient Egypt ; in the countries mentioned above,

the plant began to be cultivated when the seeds were

employed in the industry as a source of oil. Although the

quantity of the oil used for medicinal purpose is at present

considerable, it is unimportant as compared with the enormous

amount used in the manufacture of soaps, for burning, in the

preparation of Turkey red oil, as a leather oil, as a lubricant,

and for other technical purposes.

The seeds of R. communis attain a length of 1 2 to 1 5 mm.,

and a width of 7 to 10 mm. The seeds from tropical

countries are larger than the European. The seeds are oval,

somewhat flattened on one side ; on the other the projecting

suture forms a longitudinal protuberance. The suture divides

above into two, below it runs to the blackish, almost pen-

tagonal hilum, which is frequently covered by a light-brown

caruncle, bending forwards towards the suture. The husk of

the seed is brown and speckled with grey. The seeds of R.

americanus (from Martinique) are similar, but their husk

is almost black, and the specks, which are comparatively few

in number, are pale grey. The seeds of R. inermis (from

India) are 12 mm. long, and 9 mm. wide, less flattened, with

a scarcely protuberant suture, and a small greenish hilum

;

the husk is reddish brown, speckled with light brown spots.

The seeds of R. viridis (from the Congo) are only 9 mm.

long, and 6 mm. broad ; the suture does not project, and the

back is not flattened. The hilum is blackish and almost

triangular in shape ; the husk is greenish brown, with numerous

light grey specks. The seeds are covered by a parchment-

like skin, composed of flat polygonally grouped cells, which

can be readily stripped off after softening in water ; l^elow this
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is a thin but very hard husk, composed of sclerenchymatous

cells, to wliich is attached the soft skin of the seed. This is

parenchymatous and traversed hj many vascular bundles. In

the interior of the seed lies tlie embryo, surrounded hj much

albumin. The cells, which are soft-walled parenchyma,

contain fat globules and large aleurone grains, some of which

enclose crystalloids. The seeds contain 40 to 45 per cent,

of oil.

Castor oil is extracted in India in a somewhat primitive

manner ; in Madras three methods are used :

—

(1) The seeds are roasted and then pounded in a mortar

witli three times the volume of water, the water is maintained

at the boil and stirred with a wooden spoon. After some

time the pot is removed from the fire, the oil skimmed off

and allowed to cool. On the following day the mixture is

again heated, and oil again obtained, which is of better

quality than the first ; it is separately collected and pre-

served.

(2) The castor oil seeds are first boiled, then allowed to

dry in the sun for 2 to 3 days, pounded and treated as

above in order to obtain the oil.

(3) The seeds are thrown into water over night, and

ground in a mill to a paste, which is filled into a cloth and

pressed. The oil produced is suitable for burning and

industrial uses.

In order to decide which process gave the best result,

official trials were made, quantities of 1 cwt. of seed being

used in each trial.

(a) The seeds were ground in a crushing mill with

horizontal rollers, the oily paste brouglit into a press and

pressed.

(b) and (c). The seeds were roasted, as in the usual native

process, pounded and boiled with water, the oil swimming on

the surface being skimmed off.
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The following yields were obtained

77

a. b. c.

Oil

Cake

Husk and impurities

.

36-5 lbs.

36-8 ,,

27-7 „

32 lbs.

not determined

31-43 lbs.

43-48 ,,

26-09 ,,

The yield (c) was obtained from seed ground in the

ordinary native oil mill and then boiled. The oil {a) was

very pure, the others were dirty and tvirbid. The quantity

of oil obtained in {a), thus without the application of heat, is

considerably larger than by the native processes, in which the

yield is stated to be 25 per cent, of the weight of the seed.

In Bengal the seeds are only partially roasted in a pan,

they are then pounded in a mortar without being previously

husked. The paste is then mixed with water and placed on

the fire in an earthen pan. The water should stand

6 to 9 cms. above the level of the pounded seed ; as the

water evaporates in boiling, the oil rises to the surface.

The vessel is removed from the fire, allowed to cool, and

exposed to the action of the sun. Through the warmth,

oil again rises to the surface, it is skimmed off and heated

until all the water has evaporated and the impurities have

settled. According to another process, the seeds are boiled

with water until they are soft, then dried and pounded

;

the yield is 32 per cent, from Chinalzis seed, 3
7

"5. per cent,

from Gohmna seed, and 31 per cent, from Tagvir seed. The

oil maker in Calcutta works in the following manner. The

seeds are first cleaned by women, who are exclusively engaged

in the operation. The seeds are spread out on a raised board,

and broken in two or three pieces by a blow from a

flat wooden hammer, the husks being loosened at the same

time. The broken seeds are then separated from the
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husks by sieving, dried in the sun, powdered in a special

apparatus, brought into bags and pressed. The oil as it flows

out is caught in vessels placed below and brought into large

galvanised iron tanks, in which it is exposed to the action

of sunlight, in order to bleach it and separate the impurities.

Oil which does not brighten is heated in a pan and, after

treatment with charcoal, filtered through flannel. The oil

obtained in this way is quite pure and suitable for medicinal

purposes.

In another process, also used on the large scale, the pre-

liminary treatment of the seed is the same as previously

given, but in pressing the press is heated. This naturally

gives rise to a larger yield of oil, but the oil acquires, through

irregular heating, an unpleasant taste, detrimental to its

quality. After pressing, the oil is heated to drive off moisture,

and filtered through charcoal. Even in India the seeds are

shelled by a machine, wdiich consists of two smooth iron

rollers moving towards one another, and turned by manual

labour. The distance between the rollers can be adjusted so

that seed of different sizes can be treated ; the rollers must

be so placed that the husk is split, as the seed passes

through, without the kernel being injured. The seeds are

sorted according to size (tlie rollers are adjusted to corre-

spond with the dimensions of the seed) and placed in a wooden

hopper, containing 4 to 5 kilos., above the rollers ; they

pass between the rollers, and then througli a sieving arrange-

ment by which the husks are separated from the kernels,

which are next exposed to the sun. After this procedure,

which is to be regarded as very important to the easy extrac-

tion of the oil, they are crushed (also between rollers) and

converted into a coarse meal. The meal is at once filled

into bags of coarse cloth, which are placed between the press-

plates of an ordinary screw press, provided with two powerful

screws with holes for a cross bar, each worked by two men.
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The expressed oil flows into a vessel beneath, whilst a fire is

maintained on the press. Each press-bag contains about

O'o kilo, of ground kernels; the press takes 130 to 150 bags

at once. The oil is thick, slimy, and contains water. It is

heated in large copper pans in order to evaporate the water,

of which it contains 10 to 20 per cent. The manipulation

in this process of brightening the oil requires the greatest

attention, for experience is necessary to hit the exact point

at which the heating should be discontinued. The practised

workman entrusted with the operation recognises the proper

moment from the ceasing of the movements of the oil, and from

the colour and appearance of the deposit which forms. Finally,

after cooling the oil is filtered, when it is ready for market.

Properties of castor oil.— Castor oil is very viscid ; it

becomes still thicker on standing in the air, and is finally

converted into a sticky mass. It has a mild flavour, with a

biting after-taste ; it mixes with alcohol in every proportion,

and rotates the plane of polarisation of light, which is not the

case with any other vegetable oil yet known. In thin layers

it dries extremely slowly, forming a sticky skin, which even

after months catches dust and fibres from the air ; it does not

in any way dry to a solid layer like linseed oil.

Specific gravity at 15" C. . 0-960-0-964 (Allen).

J> 5J J>
0-9613-0-9736 (Valenta).

18" C. . 0-9667 (Stilurell).

23° C. . 0-964 (Dietrich).

25° C. . 0-9575.

94° C. . 0-9081 (Saussure).

Behaviour on cooling :—Solidifies at— 17° to - 1^rc.
American oil solidifies at . -10° to -11r c.

Melting point of the fatty acids 13° C.

Solidifying 3°C. (Hubl).

Saponification value . 181-181-5 (Valenta).

Iodine value 84-4 (Hiibl).

Iodine value of the fatty acids 86-6-88-3 (Morawski and

Demski).
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Composition.—The principal constituent of castor oil is

the glycericle of ricinoleic acid ; it also contains stearin and

palmitin. Pure castor oil is recognised by its property of

mixing in every proportion with absolute alcohol and glacial

acetic acid; it is soluble in 2 parts of 90 per cent., and

4 parts of 84 per cent, alcohol at 15" C. On the other

hand, it is almost insoluble in paraffin oil, petroleum, and

petroleum spirit; at 16° C. 0'5 per cent, of the oil is taken

up by these solvents, at the same time the oil absorbs its own

volume of petroleum ether, and 1^ volumes of paraffin oil or

petroleum ; the excess of solvent remains above the solution

of solvent in oil. This behaviour, which is quite different

from that of all other oils, makes its recognition in mixtures

easy. The low saponification value, which approximates to

that of the rape oils, is also characteristic. Castor oil gives

the elaidine reaction. The physiologically active constituent

is more abundant in emulsions of the seed than in the

oil. It has been found that castor oil produced by extrac-

tion has a stronger purgative action than expressed oil.

Nothing is yet known as to the nature of this purgative

constituent.

When air is blown into heated castor oil it is oxidised
;

it then acquires the property of mixing with mineral oils. This

" soluble castor oil " is but little solul)le in alcohol ; it belongs

to the oxidised or " blown oils." The behavior of castor oil

towards sulphuric acid is important ; it will be given under

the heading of " Turkey red oil."

Recognition in other oils.—The presence of castor oil in

other oil may be recognised, according to Draper, in the

following manner. A few drops of the oil under examina-

tion are mixed witli 5 to G drops of nitric acid. When
tlie reacti(m is over the product is neutralised by sodium

carbonate. As soon as the smell of nitrous acid has dis-

appeared, the odour of oenanthylic acid appears, if castor oil
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be present. A parallel experiment with pure castor oil should

be made for .comparison.

Adulterations.—Castor oil is seldom adulterated ; accord-

ing to Schaedler, sesame oil is used ; the oil is then not com-

pletely soluble in alcohol, but gives turbid mixtures. Such

an addition is also recognised by means of the elaidine reaction,

in which pure castor oil sets to a solid mass in 6 to 7

hours, whilst adulterated oil gives a sticky yellowish or

reddish mass. In the reaction with a mixture of nitric and

sulphuric acids, castor oil containing sesame oil gives a bluish-

green coloration.

Refining.—According to Pavesi, the oil is refined in the

following manner:—1000 parts (by weight) are mixed with

25 parts of well purified bone black and 10 parts of calcined

magnesia. The mixture is allowed to stand at 20° to 30° C.

for 3 days with stirring, and is then filtered in a suitable

manner. The filtered oil is colourless, and less inclined to

thicken than unrefined oil.

Ai^plications.—Medicinal : as a purgative.

Industrial : as a lubricant, in the manufacture of soaps, for

Turkey red oil (used in dyeing), in varnishes to impart elasticity,

etc.

Turkey red oil.—This substance, which is used in

alizarin dyeing (in the production of reds upon fabrics), is

obtained by the treatment of castor oil with strong sulphuric

acid, as was stated by Mliller-Jacobs in 1879. The product

forms a thick, pale yellow, syrupy liquid of specific gravity

1"023, miscible with water in every proportion. By the

action of concentrated sulphuric acid upon castor oil two

substances are formed, one soluble, the other insoluble in

water. According to Benedikt and Ulzer, the soluble portion

is a sulphuric ester, ricinoleo-sulphuric acid, C^gHggOg.O.SOgH,

whilst the insoluble part is a mixture of free fatty acids

and unsaponifted oil. Juillard, on the other hand, considers
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that Turkey red oil is of a more complicated composition,

and not always uniform. It contains the sulphuric acid esters

of ricinoleic acid, several polyricinoleic acids, and compounds

of triricinolein, mixed with their decomposition products,

among which ricinoleic acid predominates. In the action of

sulphuric acid upon castor oil, the glycerin is not completely

split off, but half remains behind in the oil, thus influencing

its solubility and capability of forming emulsions. On boil-

ing with alkali, Turkey red oil is decomposed into ricinoleic and

ricinoleo-sulphuric acids. With water or acids, on the contrary,

pentaricinic, triricinic, HO.C17H32.CO2.C17H32CO2.C17H32.CO2H,

and diricinic acid, HO.C\7H32.C02.Ci7H32.C02H, are formed. By

the action of sulphuric acid upon castor oil at a low tem-

perature triricinolein-sulphuric acid is first formed, which is

hydrolysed, monoricinolein-sulphuric and ricinoleic acids, also

polyacids, being formed.

According to Scheurer-Kestner, the acid product of the

reaction is not a solution of fatty acids in water, but a hydrate

containing 10 mols. of water to 1 mol. of oil.

Turkey red oil contains two constituents which may be

separated by treating with ether ; the insoluble oil is lighter

than water, difficult to saponify, has an acid reaction, and dis-

solves in alkalis without decomposition. The soluble oil is

heavier than water, in which it forms a clear solution ; it con-

tains 8 '8 per cent, of sulphuric acid. When salted out by

Glauber's salt it contains 30 to 40 per cent, of water, which is

partially lost at 75° C.

Another preparation, also obtained by the action of

sulphuric acid on fats, may be used in place of Turkey red

oil. Schmidt and Tijnges, by acting upon fats or fatty acids

with strong sulphuric acid, obtained the glycerides of the

sulpho-fatty acids or the sulpho-fatty acids themselves

respectively. These substances, when heated to 105° to 120" C,

produce the glycerides of the hydroxy-fatty acids or the acids
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themselves. They can also be converted into dihydroxy-fatty

acids by again treating with sulphuric acid, and heating the

sulphuriG acid esters produced.

The following methods have been given for the prepara-

tion of Turkey red oil :-—

-

(1) Not more than 20 kilos, of castor oil are weighed off in

a thin-walled earthenware or enamelled iron vessel, 2| kilos,

(or I the weight of the oil) of strong sulphuric acid are

gradually added in a thin stream. Never more than 100 grms.

of the acid are added at once. During the operation the

mixture must be continuously stirred, otherwise the acid sinks

fco the bottom ; the oil is coloured brown, and sulphur dioxide

is evolved. The vessel is kept at 30° to 40° C. for 4 hours on

the water-bath, and then left at rest for 24 hours. The con-

bents of several vessels are poured into a wooden tub, and

excess of acid removed by three washings with a 1 per cent,

solution of common salt, 4 litres of which are used to o

kilos, of oil. The first two washes are done in the cold, the

uhird warm. After adding the salt solution the mixture is

sv^ell stirred and left to stand 6 hours, when the mixture of

salt solution and sulphuric acid is drawn off from the

bottom. The oily product has a strong acid reaction ; it is

seldom used in this condition, since it gives a turbid solution

n water. The oil is neutralised by the addition of 1 per cent,

soda solution, or caustic soda solution of 5° B. and ammonia of

specific gravity 0'961. To each 5 kilos, of oil 2 litres of

soda solution, or 0'5 to 1'5 litres of caustic soda and 0'5 to 1"25

litres of ammonia are used. The oil must now have a light brown

iolour and be completely clear. An excess of soda should be

ivoided, since this hinders the complete absorption of the oil

3y the fibre. Excess of ammonia is not detrimental, but it

must be added last. The oil so obtained gives a clear solution

n water in every proportion ; if the solution should be turbid,

t can be cleared by the addition of a little ammonia.
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(2) Castor oil is treated by 20 per cent, of sulphuric acid

of 66° B., by allowing the acid to ilow slowly into the oil in

a thin stream whilst stirring. The oil is contained in a lead-

lined iron vessel, cooled by ice. After standing 2 to 3

hours tlie mass is gradually diluted under steady stirring by

luke-warm soda solution, 2 '8 kilos, of crystallised soda being

used to 1 kilo, of acid. After standing over night the finished

product separates. Liechti uses in winter 20 to 30 per cent., in

summer 15 to 20 per cent, of sulph^^ric acid without cooling,

but warming in winter to a summer temperature.

Turkey red oil apparatus of Schohfleuthner.— In

preparing castor oil soluble in water, an oaken vessel, about

1'2 m. wide and 0*3 m. high, lined with lead, is used. It is

filled to a depth of 5 cms. by about 6 litres of oil ; the

contents can then be rapidly mixed, which is important, since

the rapid development of heat on the addition of sulphuric

acid may cause the failure of the operation. When brought

in contact with 0"9 parts of sulphuric acid, the oil is quickly

destroyed, thus great care and attention are required to bring

the process, which lasts several hours, to a proper termina-

tion. The apparatus of Schohfleuthner is very convenient for

this purpose ; the acid is contained in bottles provided with

taps, and fastened in wire baskets to the arms of the stirring

apparatus. The bottles rotate with the stirrer, and are

gradually emptied into the vessel. The arms of the stirrer

consist of rods, 6x6 cms., well coated with lead, and carry-

ing narrow pointed rods arranged one above the other in the

form of a grating. The stirrer, by means of suitable

meclianism, can at once be raised out of the liquid, as is

necessary at the end of the operation, or at other times. The

Turkey red oil made by this method is dark orange to pale red in

colour, is clear, and when carefully waslied forms no precipitate.

Preparation of a substance from castor oil miscible

with mineral oils and water.—Castor oil is insoluble in
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mineral oils, and thus cannot be used in the preparation of

mineral lubricating oils. When castor oil is heated and sub-

jected tq a partial dry distillation, a semi-solid sticky residue

remains, which mixes even at the ordinary temperature with

mineral oil in every proportion, and can also take up certain

quantities of cerasine and vaseline ; the new product can also

take up water and aqueous solutions, even together with

mineral oil. These properties make the oily product par-

ticularly suited to the preparation of viscous lubricating oils

in admixture with mineral oils, and also as a base for phar-

maceutical salves and liniments.

Sunflower Oil.

SonnenhlumeTud.

Huile de tournesol.

The sunflower {Relianthus annuus, L.), from the seeds of

which the oil is obtained, is a native of Mexico. The plant

has long been grown in European gardens for decorative

purposes, and also is cultivated on a large scale in Southern

Eussia. In its native country oil was long ago extracted

from sunflower seeds, and in the previous century attempts

were made in Germany to make the plant useful as a pro-

ducer of an industrial oil, but unsuccessfully. The seed

kernels are used in Eussia for the production of oil, and

are also exported to other European countries for the same

purpose. Eussian sunflower oil is a not inconsiderable article

of commerce in Germany.

The fruits of the sunflower are either black, greyish

brown, or whitish ; in commerce, black fruits or black with

brown longitudinal stripes are alone foimd. When dry the

fruits form longish ovals, somewhat sharpened, somewhat

sunken or at least flattened at the broad (upper) end, about

1 cm. long, 4 to 5 mm. wide, and 3 to 4 mm. thick. On
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careful examination the fruit is found to be unsynimetrical.

The woody brittle husk, not readily split along the length, is

O'o to 0'6 mm. thick. The external surface, which is some-

what polished, is either quite black or has a black ground

with longitudinal greyish-brown stripes. The weight of the

husk is in proportion to the weight of the seed as 53 to

47, both air-dried. Since the dried fruit produces 15

per cent, of oil, tlie seed must contain about 32 per cent.

The fruit capsule is covered by a membrane which consists of

long flattened cells witli transparent walls thickened towards

the exterior, and wdth brownish-black resinous contents.

To this membrane is attached a second consisting of paren-

chymatous tissue containing one or more layers of cells.

Next conies the tissue which constitutes the principal part

of tlie capsule; it consists of long thick-walled parenchyma

cells traversed by numerous vessels and intersected in a

vertical direction by a tissue, wliich, in arrangement, shape,

and position of the cells, can best be comjxired witli medullary

rays. A section of the external skin of the capsule appears

to be divided into flat slieets at distances of 0'20 to 0"3S

mm., from the junctions of which the medullary tissue issues.

The skin of the seed, as seen from the surface, consists of

several layers of cells polygonally grouped ; it is traversed

by vascular Ijundles which consist either of cambium elements

or principally of thick spiral vessels. In the seed itself

is visible only parenchyma and the epithelium covering

the cotyledons; the latter differs from tlie former only by

its flattened and liglit ])rown cells, the parencliyma cells

being rounded or polyhedral. Both in tlie cells of the

epithelium and of the parencliyma fat drops oecm-, and also

aleurone ti'ranules crowded toy;ether, 0*0036 to 0'0067 mm.

in diameter
; wlien tliese are examined immersed in oil by tlie

highest powers of the microscope, grains of varying sizes are

seen in the interior.
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Production of sunflower oil.—The seeds are shelled by

gentle crushing, the kernels ground, and the oil expressed or

extracted.

Properties.—Sunflower oil is clear, pale yellow, has a

pleasant smell and a mild taste ; it has not yet been

thoroughly examined.

Specific gravity at 15° C. . 0-962 (Chateau).

. 0-924-0-926 (Allen).

Melting point of the fatty acids 23° C.

Solidifying point of the oil . - 17° (Bach).

Applications.—As an edible oil, like olive and other

vegetable oils.

Technical : in the manufacture of soaps, and in paints

instead of linseed oil.

Grapeseei) Oil.

Trauhenkernol.

Huile des pepins des raisins.

The material from which this oil is obtained is the seed

of the grape, which together with skins constitutes the residue

(" trester ") after the sweet juice has been expressed. The

plant itself, Vitis vinifera, is too well known to need further

description. The seeds from which oil is to be obtained

must be entirely freed from the skins and pulp, since these

find another use. "When the " trester " is to be worked

for brandy the seeds must be picked out Ijy children,

because it produces a much better product when free

from seeds. In all other cases the " trester," as it comes

from the press, is spread out on a large drying floor and

turned over every day with a fork ; it soon shrinks so

that the stalks can be removed by a fork. When the skins

have still further dried, the seeds can be separated from

them by a fan ; seeds which still remain may easily be

loosened by thrashing. The seeds go obtained are spread
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out in a thin layer upon the floor, witli a free access of

air, and well dried, which is very important for the pro-

duction of good oil. Statements as to the amount of oil

in grape seeds vary greatly ; it is said that 1 2 or even 2 per

cent, of oil can be expressed.

Production of grapcsccd oil.—The dried seeds are either

ground fine in an ordinary mill with horizontal stones, or in

an oil mill with vertical runners. During the grinding, luke-

warm water is added from time to time to prevent adhesion

to the stones. The ground seed, which produces the more

oil the finer it is ground, is brought into a copper vessel

and gradually mixed witli \ to ;j of its weight of warm

water, the formation of lumps being prevented by stirring.

The mass must not be allowed to burn on the pan sides,

otlierwise the oil acquires a burnt taste. The mixture is now

brought into ordinary hair press bags and pressed in an

oil press. When no more oil flows out, the cakes are again

several times ground and treated in the manner previously

descri1)ed, wlien tliey give up more oil. In this manner,

from 100 kilos, of seed, 10, 12, and even 20 kilos, of

oil are obtained. These differences in the yield appear to

be due to ditterences in the variety of grapes, and in the soil

upon wiiich tlie plant grows.

rrojjerties.—CIrapeseed oil is a somewhat viscous golden

yellow or brownish-yellow oil, inclining to green. The odour

is slight and characteristic ; the cold-pressed oil has a mild

flavour, and is a valuable edible oil ; when hot pressed it has a

somewliat harsh taste.

The specific gravity of the oil at 15° C. is 0-9202;

it solidifies to a butter at — 1
1° ( /. In the air it turns

rancid, becomes brown, and dries slowly. It l)urns with a

In'iglit flame, free from smoke and smell. It can l)e refined

like all fatty oils.

II. Wagner found in grape seeds from Lower Franconia,
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dried at 100° C, 11 "2 per cent, of oil, and in another experi-

ment 10 "8 per cent. Fitz found in grape seeds 15 to 18 per

cent, of oil, which contained the glycerides of palmitic, stearic,

and erucic acids, the latter forming about one half of the

fatty acids.

Applications.—As an edible oil, like olive and other

vegetable oils.

Industrial : as a lubricant, for soaps, and as a burning

oil, etc.

New Drying Oils

I'Sano or Ungucko oil.—The seeds are obtained from

a large tree of the family of the Oleacece, which grows

exclusively in Kuabi, near Brazzaville, and in the Loango and

M. Pongu districts of the French Congo. The fruit is a

bean about 3 cm. long, containing a brown oval nut 2 "7 cm.

long and 2 '4 cm. thick. The shell is about 1 mm. thick.

The seed almost entirely fills the cavity of the shell, to

which it is attached at the bottom ; in taste it resembles

the hazel nut. The fruit is much liked by animals, although

the natives do not use it as food. The kernel, which is 63

per cent, of the weight of the whole fruit, contains sap ; on

extraction by benzene it yields GO per cent, of oil. This oil

has a reddish colour, an acorn-like flavour, and peculiar

smell. It is very viscid, dries well, is slightly soluble in

90 per cent, alcohol, and has the specific gravity 0*973 at

23° C. By treatment with boiling water and litharge it is

converted into a paste, which hardens after some time. On

accovmt of its composition the oil is suited for industrial

purposes, and may probably be used instead of linseed oil,

wit(K which it has great similarity.

r Mohamba oil.—The seeds are in many respects similar

to the I'Sano ; the kernel constitutes 6 5 per cent of the fruit.

The husk, as also that of I'Sano, contains insufficient nutritive
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material to possess commercial value. By extraction with

benzene the kernels give 12 per cent, of oil, and leave a

residue containing 19 "5 per cent, of nitrogenous matter

(3 '4 2 per cent, of nitrogen), 7 '6 2 per cent, of which is soluble

in water, I'o per cent, of sugar, 4*5 per cent, of gum, and

43 '3 3 per cent, of gum, starch, etc., insoluble in water.

The ash is similar in composition to that of I'Sano cake.

The cakes form a nutritious food rich in nitrogen and starch.

Mohamba oil is fluid at 15° C; its colour is yellow, and taste

unpleasant : it is without odour. The specific gravity at

23° C. is 0'915, and the solubility in 90 per cent, alcohol

very small. "When treated with boiling water and litharge it

forms a solid plaster.

Drying Oils of no Technical Importance

The drying oils mentioned below have no importance

in commerce, either because they are introduced in too small

quantities and at irregular intervals, or because their usefulness

has not Ijeen examined, so that no definite statement can

l)e made regarding it. It is probable that none of these

oils, especially such as come from distant countries, have

yet been brought at any time into the market in large

quantity. This was the case for many years with Chinese

and Japanese wood oils, which in a short time have found

tolerably extended applications, thanks to their remarkable

properties.

Shial Kaata oil (Argemoneol, Huile de pavot epineux,

huilo do cliarbon jauno). From Argcmonc mcxicana.

Deadly nightshade oil (Belladcmna seed oil, Belladon-

naol, Tallkirschensameuijl, Tluile de l)elladonna). From Atropa

hclladonna.

Camul oil (Camulol, Huile de Polongo). From Mallolotus

Philippinensis, ]\Iull. (Abyssinia, Southern Arabia, India,
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Malay Archipelago, Philippines, East China, North

Australia).

Koeme oil (Castanhasol, Huile de noix d'Inhambane).

From Pelfairia pedata, Hook.

Chironji oil. From Buchanania latifolia.

Colocynth seed oil. From Cucumis colocynthis.

Coula-nut oil (Coulanussol, Huile de noix de Coula).

From Coula edulis (West Coast of Africa). This oil does

not dry completely.

Thistle oil (Distelol, Huile de chardon). From Onopodon

acanthium, L.

Red pineseed oil (Fichtensamenol, Huile de pinastre).

From Picea vidgaris, Lank.

Garden cress oil (Gartenkressensamenol, Huile de

cresson alenois). From Lepidium sativum, L.

Horned poppyseed oil (Hornmohnol, Huile de pavot

cornu). From Glaucinum luteum, Scop.

Cucumber seed oil (Gurkenkernol, Huile de concombre,

Huile d'Egusi, Huile d'Abobora). From Cucumis sativus, L.

Hickory oil (Hickorytil,Huile de hickory). From.Carya alba.

Jy-chee oil. From Eupliorhia dracunctdoides, Lam.

(Punjab, Madras, Bengal). A drying oil for paints.

Pine oil, Scotch fir oil (Kiefernsamenol Fohrensamenol,

Huile de pin). From Finns sylvestris, L.

Burr oil (Klettenol, Huile de Bardanne). From Ardinum

Lappa, L.

Pumpkinseed oil (Kiirbiskernol, Huile de pepins de

citrouille).

Melonseed oil (Melonul, Huile de melon). From

Cucumis melo, L.

Weldseed oil (Resedasamenol, Huile de gaude). From

Reseda luteula.

Honesty oil, Hesperis oil (Kothrepsol, Huile de

julienne). From Hesperis matronalis.
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Safflower oil (Safflorol, Hiiile de carthame, huile de

saffre). From Cartliamus tinctorius, L.

Tobaccoseed oil (Tal)aksamen6l, Huile de tabac). From

Nicotiana tahacum.

Spruce firseed oil (Tannensamenol, Huile de sapin).

From Ahics iKctinata, D.C.

Cassweed seed oil (Taschelkrautsamenol, Huile de thlaspi,

Huile de cresson). From Thlasjn arveiise, L.

Water melon oil (Wassermelonol, Huile de melon d'eau,

Huile de Beraf). From C^ircuhita citrullus.

Zachun oil (Zachunol). From Bolonites Roxhurghii

Planch. (Africa, Senegal).

Cembra-pineoil (Zirbelnussol). From Pinus cemhra.



CHAPTER III

PKODUCTION OF THE DRYING OILS BY EXPRESSION

AND EXTRACTION. REFINING AND BLEACHING

Drying oils are produced from the under-mentioned seeds and

fruits, which contain the proportions of oils stated :

—

Candle nut, from Aleurites moluccana .

Cedar nut

Hempseed, from Cannabis sativa

Linseed, from Linum ussitatissimum

Pumpkin seed, from Cucurhita pepo

Poppy seed, from Papavei- somniferum .

Walnut, from Juglans regia .

Seeds of Eknococca vernicia (Wood oil)

Castor oil seed, from Ricinus communis

Sunflower seed, from Heliantlms annuus

Grapeseed, from Vitis vinifera

Per cent.

62-64

30-35

38-40

20-25

41-50

63-65

46-53

21-22

11-12

The above percentages of oil cannot be obtained from the raw

materials ; the yield is always smaller by 8 to 1 5 per cent, by

expression, and by 4 to 8 per cent, in extraction. The seeds

themselves contain very varying proportions of oil, according

to the locality and climate. It is thus frequently necessary

to estimate the oil in particular parcels of seed ; this is best

done by extracting the oil, by means of a solvent, from the

powdered and dried substance, under conditions which permit

of complete extraction. Vohl's oleometer is a suitable

apparatus for this purpose ; the whole apparatus, as shown in
03
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D

Fig. 1, is constructed of glass. It consists of four parts, the

extractor A, the flask B, the head C, and the condenser D.

The extractor is a wide tube c, into which the narrower tube h

has been blown, the latter is connected with B. The tube c

is provided below witli a side tuljulure d, in which the tube o

is fastened by means of a cork ; o reaches to the bottom of the

flask B, so that it is closed by the Hquid in
•M

the flask. The wide tube c has another side

tubulure / above, on which is the tube [i -drawn

out to a fine point. The head C is connected

to h by h and to the tubulure/ by means of i,

and thus with the wide tube c of the extractor.

The head is also connected by k with the tube I

of the condenser D. At n, I is constricted to

about one-third of its diameter. The appar-

atus is used in the following manner :—The

extractor A is loosely closed at d by a plug of

pure cotton wool, c is then affixed by means

of a cork. The weighed and ground seed is

introduced into c through the tubulure /; it

should be uniformly distributed in c, and should

not occupy more than seven-eighths of its volume.

The extractor is then connected to the flask

by means of e and o. Petroleum spirit is poured

in through / until a layer of liquid about

2 cm. deep has collected in B. The head and

condenser are now attached and the wide tube

m filled with cold water, or better, with ice. The apparatus

is supported by means of a retort stand ; it is convenient to

use two clamps to hold A and D. "When so arranged the

liquid in B is heated to boiling, the vapours rise through c

and h, are there condensed and flow back into B, until the

contents of c have attained the temperature at which the

petroleum spirit boils. "When this is the case the vapours

Fig. 1.—Vohl's
Extractor.
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rise through li mto C, where they at first condense ; but after-

wards, when C has become hot, they reach I, where they are

condensed by the cold water or ice, the liquid flowing back

by the bent tube h into C, thence through i and / into A, and

finally through c into B. The tube g serves for the exit and

entry of air during changes of temperature. In this manner

it is possible to extract considerable quantities of seed by

relatively little petroleum spirit. When the liquid runs

from c clear and colourless it may be assumed that the oil is

completely extracted. The petroleum spirit is now separated

by distillation from the oil and the latter weighed. The

petroleum spirit (canadol) used for this process should not

exceed 0*66 to 0-68 in specific gravity, or 50° to 60° C. in

boiling point. With some practice such an estimation may

be made in 1^ to 2 hours. When many similar estima-

tions have to be made, the final removal of the spirit by dis-

tillation takes too much time, requires great care, and, in

addition, the necessary apparatus, which is not always at hand.

For these reasons Vohl has endeavoured to estimate the oil

content of seeds volumetrically. The specific gravity of the

fatty oils is considerably higher than that of the petroleum

spirit by means of which they are extracted, thus the specific

gravity of the spirit solution must rise in proportion to the

increase of the quantity of oil it contains.

Before proceeding to consider the actual production of the

oils, it is necessary to make a few remarks concerning the

storage of the seeds and fruits, since the quality of the oil

depends on the faultless nature of the raw material, and

in the storage no deterioration must be allow^ed. The seed

also requires purification ; all oil seeds, as they come into the

market, contain foreign admixtures, earth, sand, the seeds of

weeds, and oil-bearing seeds, all of which should be removed

as far as possible. In producing oils of this category, seeds

containing non-drying oils must not be present, since they
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would materially injure the quality of the oil and cause

disappointment to the huyer.

Storage of oil seeds.—In producing the drying oils on

the large scale it is always necessary to have a considerahle

store of the raw material, seed or fruit, in order to he inde-

pendent of such accidents as the failure of supplies of raw

material, sudden advances in price, unfavourahle weather, etc.

There is generally a period at which oil seeds, as they are

usually called, come into the market at lower prices ; during

Fig. 2.—Oil Seed Stoic. Plan.

this period the oil producer must cover his requirements for

the succeeding interval of manufacturing. New oil seeds,

like other materials, suffer deterioration hy exposure to

moisture, storage in damp places, etc., although they do not

completely perish. Tliey contain already certain (juantities

of moisture, and if not fre(|uently brought into contact with

the air are inclined to spoil and l)ecome mouldy, l)y wliich the

outer membranes are softened and the kernels themselves are

deteriorated. All stored oil seeds must therefore be given

suitable treatment, which consists in frequently turning over
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the heaps of material deposited in airy rooms ; in the case

of small quantities the heaps may be moved with a shovel

from place to place ; but with larger amounts this method

is impossible because manual labour is too dear. Mechanical

arrangements are used, by which the seeds are turned over

from time to time in specially constructed stores. Such a

store is depicted in Figs. 2 and 3 ; it is built entirely of stone

and iron, thus affording complete protection from fire. The

Fig. 3.—Oil Seed Store. Section.

seeds are raised by means of an elevator, Archimedean screw,

or other arrangement, to the second or third floor of the store,

where they are brought into the hopper K and raised by the

elevator B to the angle of the roof. The corrugated iron roof

carries a lantern for lighting the interior ; in it is a con-

veyer which distributes the seeds horizontally ; they fall

through pipes on to the top floor. Uniform distribution is

effected by means of a slide. The succeeding floors are con-

nected in such a manner that the material may be conveyed

7
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to the lowest room. In moving the seed the valves of 150

pipes, each 5 cm. wide, communicating from floor to floor,

are opened, the seed then falls uniformly down until it

attains a depth of 1'5 metres, each seed acquiring a rotary

motion. The seeds collect in conical heaps. All the valves

are connected by levers ; the whole management and labour of

the store lies in the hands of one w^orkman. In order to raise

the seeds again from the bottom to the top floor, they are

brought into the three Archimedean screws, which traverse

the length of the store ; these feed a cross screw which leads

the seeds into the hopper K of the elevator 11 The series

of operations can then be recommenced.

Circumstances may make desirable a different direction of

movement, on this account the pillars are traversed by pipes

with lateral feeders through which the seeds may enter. By

this means the seed may be transferred from the top floor

direct to the bottom, omitting the intermediate floors. For

example, if new seed is to be admitted, the particular floor

may be cut off without interrupting the regular work of the

store. The ceilings of the store are of corrugated iron. Each

square metre of floor space can be loaded with 1500 kilos, of

seed. The columns are braced together by ties to support

the horizontal thrust of the corrugated iron. The conveyers

and elevators are run from the shafting "W, connected with the

general system of the oil mill. Wherever the belts have to

run through the unprotected seed, iron casing of the necessary

height is provided. Particular attention has been given to

the ventilation of the store ; the shutters are entirely of iron,

and can be opened or closed by rods which connect a number

of windows. A short elevator can also be provided, travers-

ing only three storeys ; this is of particular advantage when

the store is connected witli other warehouses. Arrangements

must then be made to convey the seed in the horizontal

direction, for when it is to be moved from one store to the
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other a screw conveyer is not suitable, especially when the

distance is great. Another conveyer has recently come

into use, it consists of a broad indiarubber or cotton band

running in a horizontal direction, and always kept stretched.

The seed is deposited on one end of this belt, which is

300 mm. wide, and is carried forward with it, without a single

seed escaping over the edge, until the direction of movement

becomes vertical. This method of conveying seed tends to

preserve and purify it.

Cleaning' the seed.—All oil seeds, before they are used,

must be cleansed from impurities, such as sand, earth,

portions of plants, and foreign seeds, which naturally accom-

pany the seed. Otherwise the cake will vary in flavour,

and the sand and earth will not only injure the machinery

but also deteriorate the quality of the cake, since it will

contain substances of no nutritive value. Those impurities

which are lighter than the seed can be removed by fanning,

the current of air carrying them away in consequence of their

lightness. The foreign seeds, which might also injure the

quality of the oil, fall into the following classes :

—

1. Seeds, which themselves produce oil, alter the yield of

oil very little, but injure its quality when, for example, the

seeds of non-drying oils accompany those producing drying

oils. Thus in linseed there are generally found the seeds of

charlock, mustard, and dotter, since these usually accompany

the plant as weeds.

2. Seeds, which produce no oil when pressed, but contain

so much oil that they absorb none from the meal but increase

its volume, for example, the seeds of fleawort and corn spurry.

3. Seeds which contain no oil or very little. These

absorb oil when the meal is pressed and thus reduce the

yield. Such are the seeds of flaxweed and darnel. The

earthy and fortuitous admixtures also absorb oil, diminish

the yield, and make the cakes heavier.
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In the further treatment of the seed the size of the

impurities is of great importance, whether they are equal in

size to the oil seeds, greater or smaller. If tliey are equal in

size it is difficult to remove them, since they pass through the

sieve together with the seed, if they are not sufficiently friable

(as earth, etc.) to be broken up in tlie sieve. The separation

of impurities larger or smaller than the oil seeds is easy

;

they are removed l)y sieving machines in which the seed

is sliaken.

Production of the Dryixg Oils ry Expression and

Extraction

The drying oils are obtained, like all seed oils, by

(1) cold or hot pressing, or (2) extraction by a volatile

solvent, such as carbon bisulphide, petroleum spirit, canadol,

carbon tetrachloride, etc., which can be completely, or almost

completely, removed from the seed after the extraction of the

oil. Cold pressing produces pale pure oils free from foreign

admixtures, and therefore of good flavour, which in many

districts are used for culinary purposes. At the same time,

the yield is smaller and the cakes contain more oil ; they are

not generally used as fodder, but are ground and subjected

to hot pressing, or are extracted, the latter being more

profitable in regard to the yield of oil. Hot pressing, which

may be accomplished by means of heated presses or by

previously heating the seed, gives rise to a more coloured,

turbid, impure oil, unsuited to culinary uses. By extraction

a paler and more pure oil is obtained, but equally unsuited

for edible use. For technical purposes the seeds and fruits

which yield drying oils are exclusively hot pressed or

extracted, because the yield is all important and the oils

produced completely satisfy commercial requirements.

In the production of oils, and especially of the drying
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oils, all the assistance of modern science is utilised, since, in

the first place, it is necessary to extract the largest possible

Fk!. 4.—ITydiaiilic Box Prci-s.

l)r()portion of their valual)le contents from the seeds, and, in

the second, to obtain the best product possil)le.

The wedge presses, formerly in general use, are now

hardly to be found in oil works ; hydraulic presses are almost
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exclusively employed. These may be of the pan, trough,

sack, ring, or horizontal type, and may be with or without

press cloths, according to the construction of the press. Of

the diiferent systems, that is naturally the most efficient

which is of the simplest construction, can be worked rapidly

and easily, is of sufficient power to express the oil, is

durable, requires the least repairing, and produces uniform

cakes without the use of press cloths. Such a press is

illustrated in Fig. 4, tlie construction is broadly as follows :

—

In the press 4, 6, 8, or 10 wrought-iron or steel rings

are built above one another, each of which has a move-

able bottom of iinely perforated steel. Between every two

rings is a cast-iron or cast-steel plate, the upper surface of

which is grooved, the lower plane. On these plates, which

are introduced between the columns of the press, are slides

in wliich the press rings move, and which serve as guides in

the witlidrawal and introduction of the rings. Each plate

luis a large peripheral channel to collect the expressed oil.

Tlie press is filled as folLnvs :—l^pon the perforated steel

plate of each ring is laid a cover of woven horsehair, w"ool,

or felt, upon which is placed the seed, and then another

horsehair cIo'Ji. When all the rings are filled the pressure is

applied, forcing the upper grooved surface of each plate

into the ring above it ; the oil flows through the horsehair

cloth, the perforated steel plate, and the grooves of the

plate, into the channel. If the oil Hows uniformly from the

whole surface of the cake it lias only to traverse tlie thin

cake ; it therefore runs oft' readily and rapidly, and cakes of

accurate shape and uniform composition are produced. The

edges of the cake, wliicli do not contain more oil than

the centre, need not lie trimmed off. In presses for very

large cakes the rings are too heavy t(j he lifted out ; they are

therefore provided with systems of slides and a double set of

rings. After one set of rings has been pressed it is withdrawn
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to one side for emptying and filling, whilst the other full set

is at once pushed into the press from the other side. The

method of working is continuous and very simple.

By using press boxes of corresponding shape in place

of the rings, circular, rectangular, or trapezoidal cakes of

any dimensions can be produced. All the presses are also

provided with heating arrangements for steam or hot water,

l)y which each plate is heated. Since each cake is placed

between two heated press plates, the heating is uniform and

thorough. These presses produce results unattainable by

other systems. In order to be able to bring into each ring

the largest possible quantity of seed, a special filling machine

is provided which fills in one minute without attention eight

rings, and compresses the charge so that each ring contains

about 20 per cent, more seed than if it were filled by hand.

These machines may also be supplied with heating pans.

One machine is sufficient to supply fifteen presses ; they

are to be recommended for large works. All the presses are

constructed for a working pressure of more than 300 atmo-

spheres
;
pressure cylinders, columns, and nuts are of cast steel.

Accumulators are a great advantage in the uniform

working of hydraulic presses ; they are in general use.

The size of the press, the form and dimensions of

the press troughs, boxes, and rings naturally vary with the

amount of drying oil which is to be produced.

Before the oleaginous raw material can be treated by the

presses, it must be crushed or ground and then heated. In

tlie older oil works ordinary mill-stones or stamps were gener-

ally used for grinding, then edge-runners were employed, whilst

now roller crushers are in almost exclusive use. The machines

have at least two, and frequently four to six, rollers, placed

one above the other, between which the seed passes and is

crushed. The rollers are generally arranged so that the seed

is completely ground in its descent between them, and then
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falls as meal into a receiver below. It is absolutely necessary,

in the first place, to pass the material to be ground through

some efficient sieving arrangement, in order to remove from

the seed all hard substances, such as stones, etc., which might

injure the rollers and make re-turning necessary before they

could again be used. The grinding machinery is also used

to regrind the cakes obtained in the first pressing, to prepare

for the second pressing, so that the presses may again be

charged with the material. Disintegrators are much used

for powdering oil cakes ; they have an enormous capacity and

turn out very fine meal.

The meal obtained l)y one of the ordinary metliods is

pressed in cold presses if it is desired to yn-oduce edible

linseed, poppy, or walnut oil ; in the case of oils for industrial

purposes (which predominate), the meal is previously heated

. in order that the oil may run out more easily in pressing.

This heating was formerly done in a very primitive manner

in iron pans, heated over an open fire or by hot water ; the

meal was liable to accidents, especially to overheating, which

not rarely caused the production of strongly smelling and

burnt oils.

The arrangements now used for heating; the seed meal

may be very simple or very intricate ; in the most recent

installations the heating is frequently combined with arrange-

ments for filling the press bags or plates and for moulding

the cakes. The size of the pan depends on the capacity of

the presses, it should not hold more meal than is required

for one charge of the presses.

The moulding machine is designed to compress the

ground and lieated material, whicli is in a loose condition,

into a smaller volume, but not beyond the point at which

oil just begins to fiow out. For this purpose great pressure

is not required ; the presses are therefore driven by steam.

By charging the oil presses with cakes which have received a
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preliminary moulding, the greatest output of the presses is

obtained. This moulding of the cakes has therefore the

object of saving power and also time, which would be lost if

pressure were applied in the hydraulic press alone.

A cake-moulding press is depicted in Fig. 5. It is worked

as follows :—The crushed seed is taken from the outlet of

the heating pan into a hopper, which is moved over an

opening provided with a slide, so that the material falls upon

a press cloth spread out upon an iron plate resting upon

Fin. 5.—Cake-Moulding Machine.

a movable support. The slide is then closed, the meal

wrapped up in the cloth, and together with the iron plate

run on to the press table by means of the moving support.

By this action a lever is moved, opening the steam valve

and admitting steam below tlie piston, which rises and presses

the material lying upon tlie press tal)le against tlie upper

plate. Wlien the moulded cake has been pressed for some

seconds the steam outlet is opened by withdrawing the

moving support, and the press table moved downwards. The

iron plate and the cake upon it are removed and carried to
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the hydraulic press. With some practice on the part of the

workman in using this machine the charging of the hydraulic

press with moulded cakes requires but a few minutes, so that

one moulding machine suffices for six presses.

The processes by which an oil is obtained from the seeds

may now be detailed. The arrangement of an English seed-

crushing works of modern construction is shown in Figs. 6

and 7. The ground floor of the building contains the steam

engine A, the seed-crushing rollers ]^B, the edge-runner

mills for grinding the cakes CC, the steam-heating pans

Fi<;. 6.— Englisli Seed-Crushing Works. Xew Construction. Plan.

DD, and finally the presses EE. In the upper storeys are

the stores for the seed, which is conveyed to the ground floor,

where the oil is extracted, by elevators. The process is very

simple : the seed is first crushed in tlie roller mills, then

taken to the heating pans, from these to the moulding press,

and thence to the liydraulic presses, in which it is pressed.

In working the hydraulic presses the maximum pressure

cannot be applied at once ; at first pressure is applied very

slowly, and is then gradually increased to a certain point,

until it is seen tliat all the oil obtainable by the first pressing

has run out. The oil goes direct from the presses to the
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tanks, where it is allowed to rest. The once pressed cakes

are collected, ground in the edge-runner mills, heated in the

heating pans, and again pressed. This is the process always

followed ; with good mechanical arrangements little attention

is required to obtain all the oil obtainable from the seed.

The power required depends on the daily output, or on the

quantity of oil to be produced. At the present time seed-

crushing works are very compactly built, so that they require

Fig. 7.—English Seed-Crushing Works. New Construction.

Sectional Elevation.

little space, and the various machines are so arranged near

together that no loss of time occurs in working them.

Of this type is the " Combined Economic Oil Mill " depicted

in Fig. 8 ; it is designed to press seed as rationally as possible

and at the lowest cost. All the machines are provided with

the latest improvements in oil-crushing plant ; they work

as smoothly and economically as the largest and best arranged

oil mills of the present day. The installation is the simplest
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aud best arranged which has yet been designed ; including

engine and boiler, it requires only a ground space of 6 X 3 "7

5

metres. Every part of the machinery is readily accessible

;

the whole forms a self-contained installation, completely

independent of support by the walls of the building, etc.

The whole of the machinery, which is driven by cog-wheel

gearing, is mounted, together with the engine, on the same

Fig. 8.—Combiued Economic Oil Mill.

massive lied-plate, tluis ensuring great stalulity in the whole

arrangement. P)y a special arrangement of the roller-mill,

etc., tlic conveyers (Areliimedeau screws and elevators) for

ti-ansporting tlie seed between the I'ollers and tlie heating pan

are omitted. Thus moving parts are diminislied in number,

and the prime cost is reduced to a minimum. Also, the

re(j[uisite power and the number of wearing parts are reduced.
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A wooden hopper is usually placed over the rollers, but if

an elevator is required to feed the seed to the rollers, it can

be provided at a very small cost. The rational methods for

heating and moistening the seed meal in the heating pan

deserve special attention ; for these purposes an improved

steam jacket and a steam spray are used. The patented grind-

ing machine for the cake trimmings, which is worked in con-

junction with the trimming machine, is very efficient. The

cuttings are rapidly ground to a sufficiently fine meal, which

can at once be conveyed to the heater. Thus the heavy and

expensive edge-runner mills hitherto usual are dispensed with,

and there is considerable saving in power. The capacity of

the installation for linseed, which in this case is only once

pressed, is 7000 to 8000 kilos, per hour, according as the

cakes are made thick or thin. The capacity for seeds which

are twice pressed, is diminished by one-third to a half.

Including a stoker, only three men are required in each shift

to work the machinery of this mill, whilst with ordinary

systems a dozen or more are required per shift. In the

illustration

A denotes the vertical boiler, steam engine, feed heater,

and feed pump,

B is the roller mill with five chilled iron rollers, 300 mm.

in diameter, and 380 mm. long, with well-turned steel axles,

wheel gearing, and feeder.

C is the wrought-iron steam-jacketed meal heater, with

an insulating layer enclosed in sheet iron, improved steam

sprayer for rationally moistening the seed in the pan, stirrer,

pressure gauge, steam pij)e, and condensed water outlet.

E is an improved steam cake-moulding and pressing

machine, with an automatic cut-off for the hopper, which

is placed below the heating pan, and two steel cake plates.

F F are two hydraulic presses, each producing fourteen

cakes 700 mm. long, 280 mm. wide, and about 5| to 6 kilos.
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in weight, with a steel cylinder and piston 300 mm. in

diameter, four steel columns and solid wrought grooved press

plates.

G is an improved cake trimming machine with driving

gear, six steel knives, conveyer, and steel shovels.

H is a patented grinding machine with chilled cast-iron

rollers, specially grooved for the cake trimmings, with driving

gear and feed hopper.

J is a set of hydraulic pumps with cast-steel cylinders,

I'ectangular crank-axles of Siemens steel, connecting pipes,

safety valve, release gear, and driving gear.

K is wrought-irou oil tank.

L is the massive cast-iron bed-plate with iron framework,

gun-metal bearings, etc.

A process for producing oil, due to Spindler, must not be

omitted. The oleaginous seeds, kernels, etc., are ground and

then treated with a boiling solution of 2 to 5 parts of

common salt in 100 parts of water. Sugar, syrup, and

similar substances may be substituted ; they are, however,

dearer, and are less valuable as constituents of the residue,

which is designed for cattle food. The treatment of the

oleaginous seeds with the salt solution may take place during

the crushing under the edge-runner ; a better method is to

boil the seed with a sufficient quantity of salt solution and

then bring it into press V)ags. A milky salt solution, con-

taining almost all the soluble matter of tbe seeds, tiow^s out

under the slightest pressure ; it is followed, under a greater

pressure, by oil free from impurities, which floats al)()ve the salt

solution ; the latter is afterwards drawn otl". The valuable

vegetable matter so obtained is filtered off or allowed to

deposit, and then added to the press residues. The salt solu-

tion may l)e used again. The press residues were formerly

treated with hot water ; this has been abandoned, since it

makes them liable to decomposition. The residues obtained
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in the uew process keep better in consequence of the salt,

are better liked by cattle, and more easily digested than

the residues obtained without salt, and especially than

residues extracted by carbon bisulphide. For this process

no heavy presses or extractors are required ; it is sufficient

to crush the seeds and press in a simple inexpensive press, when

a pure oil is obtained, which is already free from mucilage and

albumin. The residues are converted into a valuable food

by the rupture of the plant cells and the swelling of the

woody fibre, especially if the vegetable matter carried off by

the salt solution is added. A proper amount of oil is left

in the cakes after once pressing without hydraulic pressure.

In the case of edible oil, there is the further advantage that

the salt solution removes from the seed husk, together with

the above-mentioned vegetable matter, the coloured impurities

of bad taste which are transferred to the oil and injure its

flavour when the seed is simply warmed. Thus by once press-

ing a pure and fine oil is obtained.

The process of Graham for obtaining oil consists in

liglitly roasting the fruits in a certain manner at 150° to

180° 0. The kernels, after they have been separated from

the husk, are then ground, the meal brought into a mixing

vessel, and cold or hot water poured over. Whilst the water

is being slowly added, the oil begins to separate from the

thick mass, and rises to the surface in consequence of its low

specific gravity. About 1 kilo, of water is required to obtain

1 kilo, of oil. The yield of oil varies somewhat according

to the temperature of the mixture ; the largest quantity is

obtained at about 55° C, whilst at 4° C. 3 to 4 per cent, less

is extracted. By this process not the whole of the oil con-

tained in tlie seeds or nuts is obtained ; the best result, which

was attained with nuts containing 45 per cent, of oil, was

about 33 per cent. The residual oil is not, however, lost

;

the most varied products can be obtained from the residues.
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Oil is obtained by tbis new process more quickly and cheaply

than by any other hitherto known. The oil is obtained

completely clear and pure, so that no further arrangements

are required for refining and filtering. Foreign constituents

can be very readily removed simply by settling.

Oils may be partially or completely produced from seeds

or fruits by the extraction process, according as the seed meal

is extracted without previous pressing or the pressed cakes,

after yielding the first pressure oil, are crushed, ground to a

meal, and then completely extracted. The oils are extracted

Fig. 9. —Oil-Extracting "Works. Facade.

by readily volatile substances, which must possess the pro-

perty, whilst they dissolve the fatty portions of the meal, of

leaving undissolved other constituents, gums, colouring matters,

etc. The solvents must also be readily and completely re-

moved from the oils by heating and distillation, so that they

are entirely regained, and do not leave the smallest amount

in the oil. The solvent must be of such a nature that, after

distillation from the oil solution, it has imparted no odour

or flavour to the oil, which is obtained completely pure.

The solvents used are carbon bisulphide, canadol, benzene,

petroleum ether (l)enzine) and ether; recently carbon tetra-

chloride and sulphur dioxide have also been proposed. Carbon
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tetrachloride has none of the disadvantages of carbon bisul-

phide—^unpleasant and harmful smell, inflammability, and

the property of imparting an unpleasant flavour to the oil

;

it has a pleasant smell, is not poisonous, at least not in an

ordinary diluted state, its vapours are not inflammable at

ordinary temperatures, its boiling point is low, and yet so

high that at the ordinary temperature loss through evapora-

tion does not occur. It is not liable to decompose, leaves in

the extracted oil no unpleasant smell or taste, and possesses

great solvent powers. Tlie oil extracted by means of carbon

tetrachloride has a better colour than that extracted by

carbon bisulphide, probably because the latter forms sulphur

compounds which are generally dark in colour. The apparatus

and process used with carbon tetrachloride are the same as

with other solvents.

The process with sulphur dioxide depends on the hitherto

unknown fact that compressed liquid sulphurous acid (SOg)

is a good solvent for oils and fats. It does not mix with

oils and fats in every proportion to a homogeneous liquid,

but the solubilities are such that the extraction of oleaginous

materials by means of liquid sulphur dioxide can be effected

in the same manner as with petroleum spirit and carbon

bisulphide, and in a shorter time. So long as tlie oil is in

excess, reckoning by volume, the mixture is homogeneous

;

in spite of this apparent drawback there are such advan-

tages that the disadvantages are outweighed. In the first

place, the danger of fire disappears ; in the second, the

sulphur dioxide, in consequence of its low boiling point

(— 10 C), can be much more easily removed both from the

oil and the extracted material, and without the use of steam,

which is a particular advantage when the extracted substances

would be injured by the application of heat or by moistening

with steam. The total separation of the sulphur dioxide

from the oil is far more easily accomplished than with
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petroleum spirit and carbon bisulphide, since the last traces

can be removed with certainty by washing with weak alkaline

solutions. TJie bleaching action of the sulphur dioxide cannot

be disregarded. The process of extraction with liquid sulphur

dioxide does not differ in essentials from the ordinary pro-

cess ; the extraction nuist take place, in accordance with the

nature of li(|uid sulphur dioxide, under a higher pressure than

is recjuired by ordinary solvents. Thus the apparatus must be

more strongly constructed, since at the usual temperature of

I'lG. 10.—Oil -Extracting Works. Longitudinal

Section. A, principal reserA'oir ; BBB, con-

densers ; CCC, extractors ; K, cellar.

extraction, 30° to 40° C, a pressure of 5 to 6 atmospheres is

reached. The extraction may be conducted on the prin-

ciple of counter - movement in communicating cylinders,

but more simply and with a smaller quantity of solvent by

distillation of the oleaginous seeds in a retlux condenser.

After the material to be extracted has been introduced and

the openings closed, the requisite quantity of liquid sulphur

dioxide is added under pressure ; at the same time, the air

containing the gas is blown off at the upper valve of the con-

denser, and the sulphur dioxide removed from it in the ordinary
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manner. The sulphur dioxide is then heated by means of a

steam coil to 30° to 40° C. ; the pressure in the apparatus

then rises to 5 to 6 atmospheres. The gasified solvent rises

into the oleaginous material, partially condenses there, and

Fig. 11.—Oil-Extracting Works. Ground Plan. A,

boiler house and boiler ; B, oil .store and re-

finery ; C, mills and elevator ; D, extractor

room ; E, dynamo ; F, engine ; G, pumps.

flows back mixed with oil. As soon as the temperature of

the material has risen to SO"" to 40° C. the further con-

densation and steady return of the sulphur dioxide are

effected by means of a coil immersed in water. When the

material is completely free from oil, the solution of oil in

sulphur dioxide found at the

bottom of the apparatus is sub-

jected to distillation, either in the

apparatus itself or in a separate

pan. In this distillation the con-

denser is used in the reverse

direction ; its lower end is put in

connection with a closed vessel

serving as reservoir for the liquid

sulphur dioxide. To remove the acid gas remaining in the

apparatus an air-pump is used, which compresses the gas

into the reservoir ; the last traces are removed by blowing

in air.

Fig. 12.—Oil-Extracting Works.

Cross Section.
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Many forms of apparatus have been constructed for the

extraction of the drying oils by the solvents previously

mentioned—by Haecht, Deiss, Vohl, Seiifert, Wegelin and

Hiibner, Hirzl, Lindner and Merz, and many others—which

it would require too much space to enumerate and describe.

We shall restrict ourselves to illustrating and briefly de-

scribing one of the best systems of oil extraction, that of

Lindner and Merz. The whole installation is constructed on

Fig. 13.—Universal Extractor. Lindner and Merz.

the relatively small ground space of 12x20 metres; in it,

by means of three extractors, each of G cubic metres

capacity, 15 to 18 tons of seed meal or 25 tons of cake

meal can be treated in 24 hours.

The universal extractor itself is depicted in Fig. I'A. The

vessel M, at the Ijottom of which is a steam coil, contains

the inner vessel L, which is charged through the manhole d

with the material to be extracted. From the reservoir V,
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connected with the condenser E, solvent is allowed to flow

into L ; the solution of oil is then drawn off by the syphon

gfjrj into M, as soon as its level rises above <j. In M the

solvent evaporates, the vapours rise round the walls of L, the

contents of which they warm ; they then reach the return

condenser N, where they are condensed. The warm liquid

fl^ows back into L, whence it is again carried over into M as

soon as the level reaches <j. This automatic process is not

interrupted until a sample taken at h indicates that the ex-

traction is finished. The cooling water in N is next cut

off, the vapours then rise from L to N, thence pass to the

condenser E, and collect as liquid in the reservoir V. The

final portions of the solvent are driven both out of the ex-

tract and the extracted material by direct steam. The oil

is run off at u, and the extractor L emptied through e. The

apparatus may also be used for continuous extraction as

well as for the intermittent process just described. In that

case the outflow of the oil solution is so regulated that

the evaporated and recovered solvent maintains a constant

level in L.

The working expenses may be calculated as follows :

—

s. d.

Steam : i^ tons of coal at 16s. per ton . . 72

Benzine: 4 cwt. (loss) at 10s. per cwt. . .. 40

Labour : 1 fireman, 1 extractor, 3 labourers . 28 3

Various expenses and depreciation . . . 119

Working expenses per 24 hours . £7 12

This is equal to 5-|d. to 6|d. per cwt. of seed, or 3fd. per

cwt. of cake.

A good process of extraction by benzine (petroleum spirit)

is unquestionably to be given the preference over the best

system of pressing, for the yield is not only considerably

larger as compared with the best pressing, but the extracted
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oil is more pure than expressed oil. The mucilage and

albumins, wliicli esca])o in ])ressing, and especially in hot

pressing, are not taken uj) ))y the solvent. These sul»stances

remain in the extracted residue and increase its nutritive

value. The residue, wldcli has no trace of smell or taste of

the solvent, is readily eaten by cattle ; the meal has an

odour and taste resembling new bread. Another important

advantage is that this meal can be stored for a long time

without deterioration, wdiilst press cakes are soon spoiled

by the oil in them gradually turning rancid, when the cakes

become uneatable. The change is the more rapid the more

oil they contain.

Of great importance is the process wliich combines

pressing with extraction, in which the seed is pressed cold,

the cakes ground and then extracted.

Extraction ajjpaixttus of Prosper Monnet.—This apparatus

consists essentially of two upright cylinders, connected

together after the manner of pipes. The motion of the

liquid is caused by a difference in level, whilst the solid

material under treatment is moved by screws, which revolve

at a speed depending on the rate of outflow of the liquid.

The continuous extraction is carried out in such a manner

that the smallest quantity of solvent produces the most

concentrated extract possible. The cylindrical arrangement

of the apparatus also enables the solvent to act upon the

material under a pressure which varies according to the

height of the cylinders and the nature of the material. This

circumstance accelerates the extraction of the oil.

The apparatus is shown in Fig. 14 in vertical section.

The vertical cylinders A and B, of heiglit equal to ten times

the diameter, are somewhat narrower towards the ])ottom,

they stand upon a horizontal cylinder C, which is equal in dia-

meter to the vertical cylinders at the junction. Tlie material

to be extracted enters the cylinder A through the hoj)per H,
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it passes down the cylinder, assisted, if necessary, by the

movement of the screw. A second screw D carries the

material through the horizontal cylinder into B, in which

Fig. 14.—Extraction Apparatus. Prosper Monnet.

it is raised by a third screw, and after exhaustion falls out into

the collector I.

The solvent is introduced into the upper part of the

cylinder B through the pipe J, which terminates in a rose.
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The liquid moves in the opposite direction to the material

under extraction, and rises in A to flow out into the channel

K through holes NN, placed at a lower level than that at

whicli the liquid enters Ix The screws I) and E are actuated

from the outside by an ordinary means of transmitting power,

as by the wheels FF shown in the drawing. The screw M may

he omitted in all cases in which the material to be extracted

does not cake together. If it is necessary to use it, it may

be moved from above, mechanically or by hand. In any case

the horizontal screw 1) must l)e able to move the material

forward more rapidly than M, and E than D, so that stoppages

do not occur.

The process of the extraction is then as follows :—-The

ground oil seed comes through the shoot H into A, and the

solvent, carbon bisulphide, carbon tetrachloride, or benzine,

into B. Steam is admitted into the jackets (not shown in the

figure) in such quantity as is required. The screws receive

such a velocity that the meal remains in the apparatus a

sufficient length of time to be completely extracted. Thus the

meal admitted into A must, on its exit from B, be cpiite free

from all soluble matter, which it has given up in its passage

through the apparatus, whilst the solvent should run off by

L, saturated with oil, and be lead to a distilling apparatus.

Oil Cakes and Meal

The residues from the production of oil are oil cakes

from pressing and oil meal from extracting. Both are

valuable as cattle foods, since, in addition to the nutritive

matter they contain, they also possess a pronounced dietetic

action, which they owe principally to the mucilage they

contain. The two products differ, in the first place, in form,

as expressed l)y tlie terms cake or meal ; the otlier cliief

difi'erence is in their content of oil, winch is for the former
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7 to 20 per cent., for the latter 2 to 4 per cent. All meals

and cakes are used as fodder for cattle, and in consequence

of their high percentage of proteins, fat, and phosphoric acid,

produce a hetter yield from the cows, and also a hetter

manure. Their food value is not less than that of the seeds,

since the nutritive constituents of both are digestible in the

same manner (78 to 98 per cent.). In the case of milch

cows, oil cakes generally act favourably upon the yield of

milk, both as regards quantity and quality (percentage of fat).

The cakes and meals which have to be considered in

connection with the drying oils are (1) linseed cake and

meal, (2) hempseed cake, (3) poppy cake, (4) sunflowerseed

cake, (5) candle-nut cake

—

(1) Linseed cake and meal.—Linseed cake is an

excellent food for calves and breeding cows ; it is too dear for

ordinary use. It contains

—

10-13 per cent, of water.

30-35 „ proteins.

9-13 „ oil.

26-30 „ extractive matters free from nitrogen,

7-10
,,

woody fibre.

6-9 „ ash.

489 analyses of linseed cake gave an average as follows :

—

11-82 per cent. of water.

28-70 proteins.

10-74 oil.

9-35 woody fibre.

7-37 ash.

42-13 carbohydrates

On the average, 86 per cent, of the proteins, 90 per cent,

of the oil, and 80 per cent, of the extractive matter free from

nitrogen were digestible.

Linseed meal extracted by carbon bisulphide is not so

readily eaten by cattle as linseed cake ; it contains only 2 to
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;> per cent, of oil. There is sold, iiuder the name of

linseed meal, a meal whicli has the same eom])osition as

linseed cake. Linseed cakes and meal are liahle to

various adulterations ; the adulterants are the most varied

fodder refuse of small value, for example, damaged flour

or meal, rice meal, beech-nut cake, unshelled earth-nut

cake, etc. In examining linseed cake or meal, the

natural impurities of linseed nnist be remembered, it

contains always 3 to 8 per cent., and occasionally 50 per

cent, of foreign seeds, principally seeds of tlie crucifera;,

dotter, cereals, etc.

(2) Hempseed cake.—This cake, the residue of hemp

seed, which contains 30 to 36 per cent, of oil, is principally

produced in the Baltic provinces of liussia, more rarely

in Germany ; only in the former district is the oil produced in

considerable quantity. The cakes exported from Eussia are

used almost exclusively in East and West Prussia ; they

contain

—

8'0-12-0 percent, of water.

25"0-33'5 „ proteins.

4-3-10
)>

oil.

16-0-26-0
))

extractive matters free from nitrogen.

23-0-26-0
55 woody fibre.

5-0- 7-0
55 ash.

Hempseed cakes are less valuable than other oil cakes in

consequence of their high percentage of woody fibre, also

in warm weather they readily deteriorate and turn mouldy.

In Eastern Prussia they are used almost exclusively as food

ft)r horses and shee]).

(3) Poppyseed cake.—The residues from poppyseed,

whicli contains from 38 to 44 per cent, of oil, liave hitherto

found a restricted use in ( {ermany as fodder ; they are more

largely used in South and Middle Germany than in North

Germany. The percentage composition is

—
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10-0-15*0 per cent, of water.

28"5-33"5
,, proteins.

6-6-14-0
, oil.

230-29-0
, extractive matters free from nitrogen

10-0-13-0
, woody fibre.

6-0- 7-3
, ash.

The digestibility of poppyseed cake has not been investigated,

but it may be assumed that the nutritive materials will

be digested in a similar manner to the corresponding

constituents of other oil cakes. Poppyseed cakes are said

to make the animals sleepy and stupid, they are therefore

more suitable for fattening than for milch cows; the milk

readily acquires an unpleasant taste.

(4) Sunflowerseed cake.—These cakes are also valuable

as cattle food ; they contain

—

10-00 per cent, of water.

crude proteins.36-55

10-50

23-97

9-25

9-73

crude fat.

extractive matters free from nitrogen.

woody fibre.

ash.

90

71

per cent, of the proteins, 88 per cent, of the fat, and

per cent, of the nitrogen - free extractive matters are

digestible.

(5) Candle-nut cake.^—These are an extremely con-

centrated food, they should be a valuable addition to rations

poor in proteins ; they contain

—

7-22 per cent, of water.

crude proteins.54-38

9-15

15-61

4-58

9-06

crude fat.

extractive matters free from nitrogen.

crude fibre.

ash.

(6) Walnut cake.—Tliis contains

—

13-7 per cent, of water.

34 6 „ crude proteins (31-1 per cent, digestible).
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12"5 per cent, of crude fat (11 "2 per cent, digestible).

27'8
,,

extractive matters free from nitrogen (2S'2

])er cent, digestible).

()"4
,, crude iibrc.

5-0 „ ash.

(7) Pumpkinseed cake cuutaius

—

12'0 per cent, of water.

55 "6 ,,
crude proteins (50"0 per cent, digestible).

11*4
,,

crude fat (10"3 per cent, digestible).

8'0
,, extractive matters free from nitrogen (9"7

per cent, digestible).

4*9 „ crude fibre.

8'1
,, ash.

The Eefining and Bleaching of the Drying Oils

It is easily comprehensible that the drying oils, as they

are produced, whether obtained by expression or extraction,

must contain a quantity of mechanically admixed impurities.

Tlie amount is greater in the former case than the latter,

since in the extraction process only substances soluble in the

solvent are withdrawn, but in pressing, in consequence of the

great pressure employed, other substances accompany the oil

—colouring matters, gum, mucilage, and albumins. Freshly

pressed oil is always turbid ; when left at rest for some time it

deposits many of the mechanically admixed impurities. The

oil then becomes clear, but still obstinately retains impurities,

which become evident on heating, when they separate. The

simplest method of purification is to leave the oil in a large

tank to deposit the grosser impurities, then to filter (through a

suitable filter, of wliicli there are many different constructions),

and to bring the oil into the market in the resulting bright

transparent condition. Nothing more can l)e demanded of

commercial linseed oil than that it shall be pure and clear;

it is then sufficient for ordinary use in paints and for
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boiling. The case is somewhat different with " tanked oil

"

and " varnish oil " for the manufacture of oil varnishes, which

is not only required to be quite bright and free from foot, but

also not to throw out a foot when heated to 270' C.

The substances which accompany expressed oil are gener-

ally designated " mucilage." The nature of this mucilage has

not yet been decided. Weger makes the following remarks

concerning linseed oil mucilage :—In the manufacture of oil

varnishes, " varnish linseed oil " is used; by this term is under-

stood an oil which, when rapidly heated to 280° to 820° C,

does not " break," i.e. does not separate any solid substances. If

fresh raw linseed oil be tested by rapidly heating it in a test-

tube, a turbidity generally appears at 250° C, and on further

heating large flocks separate, which fill a considerable part of

the tube. Ordinary commercial linseed oils (with the excep-

tion of " varnish oil," which has undergone some chemical or

mechanical treatment) almost alw^ays show this coagulation

on rapid heating. It should be observed that much depends

on the rapidity of the heating ; if the temperature rises slowly

the separation does not always occur. The nature of the

separated substance, whether mucilage, albumin, or something

else, is as little known to-day as in Mulder's time ; it is

generally known as mucilage. It is often present in ab-

solutely bright tanked oils.

Mulder admits the possibility of the presence of mucilage

and albumin in cold-pressed turbid oils alone ; this is incorrect

without doubt. If Mulder could find by his own method

no mucilage or albumin in commercial linseed oil, he must

accidentally have used an exceptionally good oil, or his methods

for detecting these substances must have been unreliable. The

quantity of mucilage is certainly small, for ' although in the

test the tube often appears to be almost filled, very little is

obtained on filtering. Mucilage is also present in other oils,

e.g. rape oil, and separates on rapid heating.
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It was and is yet often maintained that the mucilage

affects the drying of hnseed oil and makes it unsuitable for

the manufacture of varnish. So far as the drying is con-

cerned this is (juite untrue. Already Mulder had said

that linseed oil filtered through charcoal— which must

extract even dissolved mucilage, since oil filtered through

charcoal does not " break " on heating—dries as well or as

badly as before. The contrary has since been repeatedly

maintained, and Mulder's views have also been upheld.

AVeger has never been able to observe any difference between

the drying of a clear nuicilaginous linseed oil and of tlie

same oil freed from mucilage ; the latter dries just as often

a little better as a little worse. On the other hand, Weger

heated a large (piantity of oil, collected the mucilage on a

filter, and freed it from oil as far as possil)le, but very incom-

pletely, on a porous plate. The residual substance was a

gelatinous transparent mass of yellowish colour, which became

covered by a skin in a few days. When spread upon glass

the mucilage dried not only as rapidly, but on the average

a day sooner than the oil now free from mucilage. This

might perhaps be due to a partial oxidation of the substance

by long standing upon the filter ; however, the material did

not appear sticky and thick wlien rubbed upon glass, but

behaved like linseed oil. However that may be, it is decided

that mucilage and mucilaginous linseed oil do not dry more

slowly than oil free from mucilage. From the observations

made during the experiments, it appears that the absorption

of oxygen by tlie mucilage is smaller than by the oil. It

should be observed that the refraction of such nuicilage, still

containing oil, as ol)served in Zeiss's butyrorefractometer, is

77°'5, whilst the original oil showed 72°"4, ])oth measured at

40" C. Tlie mucilage is not removed by long standing, or at

least not always, when no special treatment is associated with

the storayre.
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One of the most important impurities in linseed oil is

the fa^/ty oil of mustard seed. This oil is almost always

contained in linseed oil, in good qualities, however, in very

inconsiderable amount. The seeds of the mustard and allied

plants are already contained in the linseed used by the

crushers, the expressed oil then naturally contains mustard

oil. If the percentage of this oil is small it interferes little

with its suitability for boiling ; but if a large quantity be

present the boiled oil loses its property of drying rapidly. A
large proportion of nmstard oil in linseed oil makes itself

perceptible by the deposit of a yellowish foot when the oil

is kept for several days in a moderately warm room (10"" to

12° C). The percentage of fatty mustard oil may be more

accurately estimated by means of the elaidin test ; after 2 to

3 days elaidin separates. Pure linseed oil does not solidify

even after a longer time.

In the manufacture of varnishes linseed oil free from

mucilage, which does not " break " on heating, is used. It

is obtained by a process of refining, or by tanking for a

sufficiently long time. For tanking large open tanks are em-

ployed, at a moderate temperature of at least 15° C. ; if it is

in any way possible, sufficient quantities of air should be con-

veyed to the oil by fans or blowing machines. This process

is very slow and is often replaced by chemical or mechanical

refining processes, followed by filtering.

The essential of all refining processes is to mix the oil as

intimately as possible with the refining agent—acids, salts,

etc.—so that all portions of the oil may come in continued

contact with it. The same is the case in bleaching, where

an intimate emulsion must be formed. It would overstep

the limits of this book to describe in detail the mechanical

mixing arrangements used. It must suffice here to say that

they are very varied and may be classified as follows :

—

(1) Stirrers, in which the stirring arm is attached to a
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horizontal or vertical axis, moved by power, and thus accom-

plishing the mixture of the oil with solids or liquids.

(2) Apparatus, in which air is blown into the oil or

drawn through it, hj either of which means an intimate

mixture is produced. The process is much more efficient

than with mechanical stirrers, and the air also exerts a

bleacliing action, due to oxidation, which can only be an

advantage in the case of a drying oil intended for painting

purposes.

(3) Centrifugal emulsifiers, which have found little em-

ployment up to the present, but are capable of replacing

all other mixing apparatus. The advantages of centrifugal

emulsifiers are uninterrupted working, great capacity with

small expenditure of power, tlie small space required, saving

in refining materials, better quality of oil, and the possibility

of using freshly expressed oils.

The various processes of refining are accomplished by the

use of dilute acids, salt solutions, substances in the form of

powder, such as magnesia, other metallic compounds, and

earths. The drawbacks of the processes in which aqueous

li(|uids are used, are principally the difficulty of separating

(as a rule) the two li(][uids, and the loss which occurs owing

to the formation of emulsions. When the separation of the

two layers is complete after rather long standing, there re-

mains between the oil and the licjuid used for refining an

emulsified layer which separates with difficulty, so that

loss of oil occasionally makes the process somewhat costly.

Alkaline liquids are to be avoided in refining, they saponify

the oils and make necessary an addition of acid to bring

about separation. Eefining with acids, zhic chloride, etc.,

effects a decomposition or carbonisation of the organic matters

suspended in the oil ; refining by means of solids, such as

magnesia, fuller's earth, and powdered mineral substances,

produces only a mechanical purification ; these heavy bodies
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•in settling to the bottom drag with them the particles

suspended in the oil.

All oils which are refined by acids or chemicals in

aqueous solution, require careful washing with water until

they are quite neutral, otherwise difficulties will occur in the

subsequent use of the oils.

Refining with sulphuric acid.—According to Wasl, 1

kilo, of oil of vitriol is used to 400 to 500 kilos, of linseed oil

;

it is added in a very thin stream under constant stirring. After

long mixing, boiling water, equal to one-third of the weight

of the oil, is added, the whole well mixed and allowed to

settle. After completely separating the acid liquid from the

still turbid oil, the latter is drawn off into another vessel,

and 3 per cent, of dry powdered common salt is added. The

salt withdraws the water still contained in the oil and settles

to the bottom on account of its greater specific gravity ; the

oil is then filtered through bags containing wheat bran.

When these filters have been used they are pressed, the

oily bran used as fodder, and the bags cleaned by boiling

with alkali.

In another process, after the oil has been thoroughly

treated with sulphuric acid, it is not immediately mixed with

water, but is allowed to stand 12 to 15 hours. After this

time the oil can be drawn off clear and pure, whilst the

slime remains thick and fast at the bottom. The oil is then

treated with a boiling 5 per cent, solution of common salt for

several hours until a slight white foam appears on the surface,

when the oil is drawn off and filtered.

Wilke uses 3 parts (by weight) of sulphuric acid to

400 parts of oil, which is treated with the acid for 5

hours ; 3 parts of clay, 7 parts of quicklime, and finally

1000 parts of water are added and mixed with the oil for

3 hours at 100° C. In Logan's process 5 parts of strong

sulphuric acid, diluted with 5 parts of water, are used to

9
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400 parts of oil; the acid is added in small quantities and

the mixture kept in constant motion for several hours. It is

then allowed to settle and steam led in, finally the oil is

left at rest to hrighten.

In place of sulphuric acid, zinc chloride solution may he

used in the proportion of 1 to 15 ; it exerts the same action

on the oil without possessing the disadvantages of the acid.

The refining of linseed oil by means of ozone.—Accord-

ing to Engleduc, linseed oil can be advantageously refined by

means of ozone. The oil is freed from moisture and muci-

lage, which would otherwise be accomplished, at the cost of

the colour of the oil, by heating or by very long standing.

In the ozone process tlie valuable properties of Ihiseed oil are

entirely retained, whilst the oil gains but little in viscosity.

The process is complete in 2 to 3 hours. Besides the

apparatus which produces the ozone, there is required only

a shallow steam pan to contain the oil ; it is provided with

a tinned perforated coil through which the ozonised air is

introduced, it then rises in bubbles through the oil. In

the preparation of " boiled " oil various driers are dissolved

in the raw oil and the mixture treated with ozone in a

separate ap})aratus at a certain temperature for 3 hours.

The oil obtained possesses in a high degree the properties

of an ideal drying oil—rapid drying, consistence, hardness,

elasticity, and pale colour. The temperature required is

low, and thus no loss occurs.

According to another account, linseed oil is heated to the

required temperature in a steam pan, into which open pipes

for the introduction of ozonised air. The oil loses its

water and all other impurities, retains its properties, and

thickens readily. The air to be ozonised is pumped through

a drying chamber, in which are shelves covered with quick-

lime. It is then conducted through the ozoniser and com-

pressed into a strong iron reservoir, from which it is divided
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amongst the various refining apparatus. In order to refine

1 ton of linseed oil, 310 to 315 cubic metres of ozonised air

are required on the average. According to Lewkowitsch, this

volume of air can be ozonised by means of Yarnold's ozoniser

at a cost of about Is. 8d. In small works, which treat about

5 tons of oil per daj, the cost of refining would not exceed •

7 s. 6d. per ton. The advantages of the process are decrease

of waste, rapid refining, production of a faultless product, and

exclusion of danger of fire.

The refining of linseed oil by means of calcium

carbide.—According to the patented process of de la Roche

an ordinary mixing apparatus is used ; when this has been

filled with the oil, 10 per cent, of powdered calcium carbide

is added and the stirrer kept in motion for 1 hour. Amid

an evolution of acetylene the oil is converted into a greenish

mixture in consequence of the changes caused by the free

lime produced. As soon as the exhaustion of the moisture

causes a cessation of the evolution of acetylene, the oil is

allowed to settle and decanted or filtered through filter-

presses from the deposit. The oil obtained is almost colour-

less, clear, bright, and entirely free from water and acid. It

is boiled in the ordinary manner, with an addition of 3 to

5 per cent, of lead or manganese compounds. The cakes

taken from the filter-presses still contain undecomposed car-

bide ; they can be used to produce acetylene to light the

works. The water added for this purpose contains some

caustic alkali, which saponifies the oil enclosing the particles

of carbide. By this method of utilising the press cakes the

cost of the process of refining is diminished.

Wet process for clearing linseed oil.—Direct steam

is passed for 1 to 2 hours through a mixture of equal

parts of raw linseed oil and hot water. The oil is then

allowed to stand until separation occurs. The water collects

at the bottom, the clear oil floats a,bove, whilst the precipitate
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forms a white layer between the two liquids. After standing

5 days the clear upper layer of oil is drawn off, brought

into a pan, and heated for 2 hours at 220° F., to drive off"

water. Many manufacturers add 1 per cent, of sulphuric

acid to the water used in this process, the oil is then Ijleached

and clears somewhat more rapidly. Also, by the addition of

a few pounds of Fuller's earth or lead sulphate, the colouring

matter, as it settles, takes with it the albumins from the oil,

and thus accelerates the process. The foots can be sold to

putty makers, who buy them on account of their low price.

The clear oil produced by this wet process is distinguished by a

very pale colour ; it approximates to oil purified by magnesia.

In case the cost of the process is not the first consideration,

especially fine oil can be obtained l)y first bleaching the oil

in the presence of acid hj the wet process, and then refining

by means of magnesia.

Refining by means of cellulose.— If linseed oil is

allow^ed to stand undisturl)ed in a glass cylinder from 2 to

3 months, water deposits first, then a somewhat thicker

layer separates, voluminous, flocculent, and heavy ; this is the

substance called " mucilage." At the ordinary temperature

about a week is required for the deposition of the water, and

3 months for the mucilage ; in a year all the insoluble con-

stituents have settled, inclusive of coagulum and globulins

;

pure linseed oil remains above the deposit. The specific

gravity of the globulins is, however, so near to that of linseed

oil that the least rise in temperature causes their ]mrtial or

complete re-solution. Endeavours to filter linseed oil through

thick paper are without result, since the mucilage, globulins,

and coagulum are soluble in the oil, and simply filter through.

If 60 kilos, of freshly expressed linseed oil, as it comes from

the press, be mixed with about 0'5 kilo, of neutralised cellulose,

and a test portion withdrawn after stirring for about 15

minutes, it will be seen that the cellulose is gradually absorbed
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by the oil, and the mixture, instead of being turbid, is trans-

parent, and clear. It appears as if the cellulose were dis-

solved by the oil ; the molecules of the cellulose are, however,

only mechanically mixed with the oil, forming a transparent

varnish-like mass. If the mixture be allowed to stand some

moments the cellulose is reprecipitated, and, what is most.

important for our purpose, brings down with it the mucilage,

globulins, coagulum, and water. This process requires about

12 hours. In order to work profitably a filter-press must be

used to separate the oil from the cellulose. In this appar-

atus a gradual separation takes place, the cellulose and the

impurities of the oil forming a cake, whilst the purified oil

leaves the press clear and bright. For this purpose the

cellulose must be absolutely neutral and free from resins

and fats. It must have been prepared by the most careful

washing and purification ; if it contains only a trace of resin

or fat it will dissolve in the oil and make it still more turbid.

Ndrdlinger's refining: process.—Nordlinger avoids the

disadvantages of ordinary refining processes and the use of

mechanical methods by treating the oils with solutions in oils

of certain reagents—in particular, the solutions of certain,

salts of the fatty and resin acids, benzoic acid and its homo-

logues. So far as it is at present known, the solubility of

the salts of the fatty acids in vegetable oils increases with

the increasing molecular weight of the fatty acids. From

butyric acid upwards the salts generally dissolve in 10 to 20

parts of vegetable oil at temperatures of 100" to 200° C.

In regard to the solubility, the composition of the vegetable

oil is of little importance ; the salts in question dissolve to

an equal extent in linseed, sesame, poppyseed, rapeseed, cedar-

nut, cottonseed, etc., oils.

The '5 to 10 per cent, solutions of the alkaline salts of

the fatty acids containing more than 4 carbon atoms, are

at the ordinary temperature more or less thick viscous liquids.
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which, however, do not form any solid deposit (the correspond-

ing salts of oleic, abietic, and sylvic acids and their homologues

behave in the same manner). The solutions of the metallic

salts of these acids in oils are, at the ordinary temperature,

similar in consistence to lard, or a portion of the salt dissolved

at the higher temperature has again crystallised out. Solu-

tions of 5 to 10 per cent, strength of the zinc, cadmium, iron,

copper, manganese, and lead salts of each of these acids are

clear at 40° C, or at most at 100° C, the nature of the vegetable

oil used as solvent being unimportant. The lime, magnesia,

baryta, and alumina salts also dissolve in vegetable oils, but

do not possess in the same degree tlie peculiar property of

the salts of the heavy metals of precipitating the mucilage.

If small quantities, 5 to 10 per cent., of the solutions in

oils of the heavy metal salts of the acids mentioned be added

to ordinary vegetable oils a clear solution is at first formed

;

after some time the mixture becomes turbid, especially if air

has access, and the mucilage is gradually precipitated in

combination with the previously dissolved metallic salts in

fine fiocks, more or less coloured. According to Nordlinger's

view, a chemical decomposition does not take place, but the

particles of mucilage are apparently weighted down by the

metallic compound and caused to separate, as is also the case

with certain colouring matters. The turbid oils are freed

from the turbidity by filtration or settling whilst warm.

The process is now as follows :—-The salts of the heavy

metals (iron, manganese, lead, copper, zinc, etc.), with the

higher fatty acids, the sul)stituted fatty acids, benzoic acid,

etc., are dissolved by heating to al)out 150° C. in about 10 to

20 times their weiglit of vegetable or rosin oil. The solution

is slowly cooled and the clear liquid drawn oft' from the

deposited insolul)le portions while still warm (50° to 80" C).

Such solutions, called " refining oils," are as follows : 5 per

cent, solution of zinc oleate in cottonseed oil, 10 per cent.
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solutions of lead oleate or of iron stearate in sesame oil, or of

iron or manganese resinate in linseed oil. .

The " refining oil," if not clear and fluid at the ordinary

temperature, is liquefied by gently heating, and mixed with

10 to 20 or even 30 times its weight of the vegetable oil to

be refined. A clear solution is formed, which, after standing

some time, becomes turbid, especially if exposed to the air.

The impurities deposit together with the metallic salts, and

are then removed. Ferric manganese resinate is used for

refining linseed oil.

Centrifugal emulsifiers for refining.— The process

for refining oil by means of the centrifugal emulsifier consists

in passing it continuously through a system of emulsifiers and

separators, and in this manner subjecting it to the action of

chemicals and to the necessary washings. The combination of

one emulsifier and one separator forms a " washing element."

In cases in which the emulsion separates so readily that no

centrifugal separator is required, a Florentine receiver is

substituted. The number of elements which are combined in

a battery depends on the number of washings required. As

a rule the emulsion flows directly from the emulsifier to the

separator, since the reaction between the fluid or dissolved

refining agent and the constituents of the oil to be removed

takes place immediately, in consequence of the extremely

intimate contact. If, in isolated cases, a longer action be

desired, two tanks are introduced into the series to take the

mixture in turn. For example, if the mixture is to stand

24 hours, the tanks must be made so large that each can

take a day's product. Whilst the emulsion is allowed to run

into one tank, the mixture from the other tank, made on

the previous day, is treated in the separator. The proportions

of the mixture are regulated either by suitably throttling the

outflow openings of the two-chambered supply vessel by

means of conical regulating valves, or, in large installations,
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by means of pumps of known capacity. For rapid heating or

cooling, plate heaters or plate coolers are introduced. Centri-

fugal pumps are used

to convey the liquid

from one element to

another, these pumps

are driven direct from

the shaft of emulsifier

or separator, with

which they work in

unison. Eckenberg,

the discoverer of this

method, can effect any

desired oxidation by

air, or deodorisation

by dry steam, bymeans

of a gas emulsifier.

The capacity of a

battery of emulsifiers

and separators of or-

dinary dimensions

varies from 3000 to

6000 kilos, per day,

according to the nature

of the oil, the manner

of refining, the propor-

tions of the mixture,

and the combination

of the apparatus. The

plates of the emulsi-

fier and the separator

drum are made of

acid-steel, which offers

extraordinary resist-

FiG. 15 -Installation of Emnlsifiers for

Oil Retining.
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ance. Bronze plates are used for dilute acids, and the

sepai'ator drum is coated by dipping it in a molten alloy of

lead and antimony.

Such an installation for oil refining is represented in

Fig. 15. It consists of six elements, three of which have

Florentine receivers in place of centrifugal separators. The

oil flows from the tank 1 to the element E^ S^, where it is

treated with liquid taken from the tank 2. In Eg Sg it is

washed with water, in Eg Sg for the second time with the

refining (or bleaching) liquid, in E^ with water, in Eg with

very weak hydrochloric acid, and finally in Eg with warm

water. The tanks 2 and 6 contain the refining liquid ; 4,

8, and 12, water; 10, dilute hydrochloric acid; whilst

3, 5, and 7 receive the

mixtures. The emulsifier

works well in all cases,

even when the plates are

placed at a considerable

distance apart. The same

cannot be said of the

separator, which does not

at times separate the emulsion into its constituents with

sufficient completeness. The cause of this lies most prob-

ably in an improper adjustment of the separator, since

each separator is adjusted for the two liquids to be separated

according to the difference between their specific gravities.

The separator drum has the arrangement of a Florentine

flask rotating about a vertical axis, and although its action is

calculated in a very different and complicated manner, it may

be indicated by the example of the Florentine flask, which

the separator is essentially. If two liquids of different

specific gravities, which quickly separate, be allowed to run

at the same time into a Florentine flask, the heavier liquid

runs away by the pipe and the lighter escapes over the edge

Fig. 16.—Florentine Flask.

i
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of the vessel. If h represents the height of the flask from the

edge to the entrance to the pipe (Fig. 16), x the distance from

the orifice to the upper edge of the fiask, y the height of the

lighter lic^uid, s its specific gravity, and s^ the specific gravity

of the heavier li(][uid, then

sij + {h - y)s^ = (h - x)s^,

or, y =— -.

h - s

Thus, the specific gravities being known, y varies as x. The

distance x can be so adjusted that the apparatus gives the

greatest possible separation. "When y = h, x is a maximum,

therefore

—

h{s^ — s)
x (max.) =

s,

If now X were made still larger, oil would escape with

the heavier liquid by the side tube. If x were made too

small, the emulsicm would frequently not have time to

separate, and a mixture of oil with the heavier liquid would

flow over the edge. TJie distance y must accordingly be

approximately calculated for each pair of liquids, oil and

refining reagent, from their specific gravities, and afterwards

so adjusted that tlie best effect is obtained in working. The

position of the layer of contact in the separator, correspond-

ing to the distance y, is independent of the proportions of

the two liquids in the mixture.

But also when the apparatus has been properly adjusted

it may happen that the emulsion does not properly separate.

Especially when fatty oils are being waslied by alkaline

solutions, large (quantities of oil frequently remain suspended

in the liquid. There is a class of emulsious, which Eckenberg

designates " critical," which not only pass through the

separator unseparated, but, on the contrary, become still more

stable. In such cases, by altering the concentration of the
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washing fluid or by working with warm liquids, more satis-

factory results are generally obtained. A moderate addition

of common salt or Glauber's salt is often of assistance, but

the proportion of salt in the water should not be increased

to such an extent that the soaps, which are being removed,

are salted out. Thus a battery arranged for one oil cannot be

used for another without adjustment of the conditions. In

order to obtain the fatty acids and small quantities of oil con-

tained in the wash waters, the latter are acidified, when the oil

rises to the surface. The small quantities of oil which remain

as emulsions in washing with water or dilute acids may also

be recovered by one of the methods described by Eckenberg.

The emulsifier itself consists essentially of two flat plates

of peculiar shape, placed opposite one another, with double

rims ground perfectly plane, which slide one into the other.

The lower plate is rigidly connected to the vertical shaft,

which is prolonged beyond the upper surface of the plate, the

prolongation having a conical boring narrowing above. The

tube formed in this way conducts the fluids into the apparatus.

For this purpose, immediately above the lower plate, with

which it forms one piece, it is provided with two outflow

openings, through which the liquids reach the space between

the wide plates. On the exterior of this tube a screw thread

is cut, upon which the upper plate is laid and then fastened

down by two nuts. Three micrometer screws are placed in

the rim of the upper plate, which enable the distance

between the plates to be accurately and easily adjusted to

any measurement. The axis is driven by means of a small

turbine which is suitable for experiments on the small scale,

but in working on the large scale it is driven by a rope. It

runs at about 7000 revolutions per minute.

The plates of the emulsifier are surrounded by a fixed

casing, the inner surface of which is covered with sheet lead.

It catches the liquids mixed into an emulsion and conducts
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them away by means of a pipe to a tank or direct to a

separator. Upon the cover of the casing is fixed a cylindrical

vessel, open above, and divided into two chambers by a

vertical partition. Into these divisions flow the liquids which

are to be mixed, each division is provided with an outflow

controlled by a valve, from which the liquids reach a

common pipe opening into the upper open end of the

emulsifier. By means of the valves the proportions of the

two liquids are accurately regulated. To facilitate the

adjustment, the spindles of both valves are provided with a

scale divided from to 100. In order to maintain a constant

level, and therefore a constant outflow, both divisions are

provided with floats.

When once set in proper working order the apparatus

works continuously. Before the commencement, the time

required for both liquids to run through the apparatus, which

depends on the viscosity, must be found once for all by a

preliminary experiment, which can readily he done by means

of the cover of the emulsifier. This cover carries, as has

been said, a vessel divided into two equal chambers by a

vertical partition, each chamber having an outflow provided with

a regulator. Both regulators must be arranged so that the

two liquids pass through in exactly the proper proportions

;

this can readily be done by a few experiments. When the

position has once been found tlie apparatus can be w^orked

continuously, and need only be stopped when oils of consider-

al)ly different viscosity are to be treated. In order that the

emulsifier may be used conveniently in the oil industry, it

must generally be combined witli a separator, which is able

in a brief time to part the otherwise stalile emulsions; this is

especially necessary when alkaline or neutral liciuids are used.

Tlie separator of de Laval may be used with advantage

when oils rise so slowly out of emulsions that the ordinary

arrangement, on the principle of the Florentine flask, consist-

.«i
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ing of a wooden tub with a separating pipe, cannot well be used.

This separator is made in different sizes, with a capacity of

300 to 2000 litres per hour.

Extraction of the oil left in refining powders.—
When oils are bleached and refined by substances in the form

.

of powder, such as Fuller's earth, etc., the latter retain a

considerable quantity of oil, up to 40 per cent. It is very

difficult to re-obtain this oil, since the use of benzine, etc., is

attended with danger of fire ; the treatment with hot water is

very tedious, and only partially effective. However, the oil

may be completely separated by treating the refining powder

under pressure at a high temperature, say 180° C. The oil

then separates completely from the powder, which is at the

same time purified and made again useable. A partial

saponification in this process is of no practical importance,

since the oil obtained can only be used by soap makers. By

this means the oil is regained to fractions of a per cent.

The Bleaching of Linseed Oil

The requirements of the buyers (dealers and consumers)

of all chemico-technical products continually become more

exacting. The demand for a colourless or almost colourless

linseed oil becomes greater and greater. The only substantial

reason for the use of bleached oil is that paints ground in

such an oil show a pure white colour, which pleases the eye

of the buyer. However, the yellow or yellowish colour of

linseed oil has no influence upon the pure white shade of

a dried coating of zinc white, white lead, or permanent white,

for with the drying of the paint the linseed oil (raw or

boiled) bleaches so completely that not even the least

shading of the white is to be observed. At the same

time, there is also the advantage that a pure oil may be

used, unaltered by the action of bleaching agents, which is
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generally not the case with paint oils bleached artificially and

not by the simple action of light. However, buyers de-

mand bleached oil, and consideration must be given to the

demand.

The bleaching agents at our disposal are numerous, they

do not all produce equally favourable results, and they also

vary in their action upon the oil. In addition to light, which

produces the most complete and finest bleaching of linseed

oil, the following substances are used as bleaching agents :

—

Chlorine or chloride of lime.

Potassium bichromate.

Potassium permanganate.

Hydrogen peroxide.

Sodivuii peroxide.

Sulphurous acid.

Sodium liyposidphite.

Other bleaching agents have also been proposed, which, how-

ever, do not give a good result.

Bleaching by means of air produces the best result

;

the linseed oil is least altered, it is somewhat thickened and

becomes rancid, but the process is very lengthy and demands

an exposure of mouths. The best process is as follows

:

100 parts (by weight) of linseed oil are washed with 100

parts of water and 2 parts of strong hydrochloric acid in

a vessel of suitable size, of wood or iron coated with lead,

which possesses a tap at the height of the level of the

water. The mixture is well stirred for 24 hours, it is then

allowed to rest until the oil has separated and become com-

pletely clear, when it is drawn off, the water removed, and

the oil brought back into the vessel, where it is thoroughly

washed with w^ater and then again allowed to clear. This

purified oil is much more suitable for bleaching than oil

which has not been treated. It is brought into shallow

wooden tanks lined with sheet zinc or lead ; the depth of the
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oil should not exceed 10 cms. These tanks must be placed

in some position where the sun can shine upon them during

the whole day. The best position is on a flat roof under a

glass cover, so that rain, dew, and dust cannot fall into the

oil. Such an arrangement is naturally not cheap, and can

only be profitable when a large quantity of bleached oil is.

produced. With favourable weather it may be assumed

that the oil will be completely bleached and white in 4

weeks.

The common practice of exposing oil in round glass

bottles, indeed produces the same result, but after a very

long time, months, or even a year, if the light is insufficient,

may pass before a proper result is obtained. But also in this

case, if the oil be exposed in thin layers to the action of

light, it is bleached colourless in a much shorter time. This

exposure in thin layers is possible if flat glass bottles are

used to contain the oil ; they can always be obtained. For

experience has shown that, in order to obtain powerful

bleaching action, the liquid to be bleached must not simply

be exposed to the direct rays of the sun, but that the

layers should be so placed that the rays must pass through

them. If the oil be exposed in quite thin layers under

glass to the action of light, a very appreciable loss of

colour can be observed even after several days.

Bleaching by means of sodium peroxide is ac-

complished by thoroughly working a solution of 5 parts in

100 parts of water with 100 parts of oil (by weight) at

a temperature of 25° to 30° C. for at least 2 days. The

oil is allowed to separate ; it is well washed, first with hot,

then with cold water. The method does not give particularly

good results.

Another process is as follows :—In a lead or copper

vessel, provided with a good stirring apparatus, 200 kilos,

of raw linseed oil, at a temperature not exceeding 21° C,
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are slowly mixed with 0*5 kilo, of sulphuric acid (specific

gravity, l"7o), whilst stirring. After well mixing, which

requires about 15 minutes, 0'5 kilo, of sodium peroxide

is very slowly added. The addition should last at least

60 minutes, and the stirrer should be kept in rapid

motion. When all has been added, stirring is continued

for at least 12 hours, the oil allowed to stand, and when

clear washed first with warm and finally with boiling

water.

Bleaching- by means of chlorine.—^This bleaching

agent gives, after light, the best results, it is also the

cheapest, and the bleached oil can very readily be washed

and obtained completely neutral, since only salts soluble in

water are present. In bleaching with chlorine, 5 parts

(by weight) of bleaching powder (as fresh as possible) are

well mixed with 20 parts of water, then O'o part of soda

(carbonate) is added, and the solution filtered so that it is

([uite clear. Next, 25 kilos, of linseed oil, 500 grms. of

strong hydrochloric acid, and 5 kilos, of water are well

mixed for 1 to 2 hours, and the filtered bleaching powder

solution added. The two liquids are repeatedly stirred

thoroughly together during 5 to 6 hours, when the

mixture is allowed to rest, the clear oil drawn off and

repeatedly washed with clean water. The oil is almost

colourless and must have a perfectly neutral reaction. It

is absolutely necessary to prepare the clear solution of

l)leaching powder, for if an unfiltered solution were used

the oil would be partially saponified, and would then be

regained only by a very complicated process. The method

of bleaching by means of hydrochloric acid and pyrolusite,

which produce free chlorine, is impracticable, since the

pyrolusite, on account of its insolubility, is never com-

pletely used up, so that large quantities would be required

to produce any considerable bleaching action.
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Bleaching by means of hydrogen peroxide.—Pure

hydrogen peroxide is a syrupy liquid, colourless, and quite

transparent, with an unpleasant bitter and biting taste

;

when brought upon the skin it produces violent irritation

and white spots. The commercial substance contains about

1|- volumes of available oxygen, corresponding to about

0*5 per cent, of HgOg. To preserve it, hydrochloric or

sulphuric acid is added, to which regard must be had in

certain cases.

In order to bleach linseed oil by means of hydrogen

peroxide, it is mixed with 5 per cent, of the solution and then

with sufficient ammonia to produce a distinct smell of that

svibstance. Without the addition of ammonia or alkalis

the action of hydrogen peroxide may be protracted for

several days, without any visible action upon the oil.

There is no difficulty in brightening the oil, and loss due

to emulsions is not to be feared, as is the case in so

many bleaching methods. The process must thus be

regarded as very convenient.

Bleaching by means of potassium permanganate.—
Potassium permanganate is a very powerful bleaching agent

;

it possesses the advantage of not spoiling the oil in any

way, but, on the contrary, makes it dry more rapidly. The

process is very simple, and if the correct proportions are

observed the formation of emulsions is small. A solution of

16 parts (by weight) of potassium permanganate in 32 parts

of water is prepared, 5 parts (by w^eight) of this solution

are mixed with 100 parts of linseed oil ; 25 parts of water

and 1 part of strong hydrochloric acid are then added and

the whole well stirred. The mixture must be stirred

up repeatedly during 24 hours, and left at rest when

all violet or brown coloration has disappeared and the

mixture has become yellow. After several days the oil

will have entirely separated from the bleaching liquid, it

/
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is then drawn off. The oil is almost colourless ; when

necessary, it can be again subjected to the bleaching pro-

cess in order to make it quite colourless.

Bleaching by means of potassium bichromate.—
Linseed oil is bleached by means of potassium bichromate

in a wooden tub, in which it is heated by direct steam to

31" to 32° C. A solution of 3 per cent, of potassium bichrom-

ate, dissolved in 5 times its quantity of water, is run in

and the mixture well stirred by means of a stirrer, after

the addition of strong hydrocliloric acid equal in quantity to

1 per cent, of the oil. The decolorisation begins quickly,

and is complete in 10 to 15 minutes. The oil is left

at rest for a long time, in order that the aqueous solution

of potassium and chromium chlorides may settle. This

solution is drawn off by means of a tap, with which the

vessel is provided, and the oil washed with hot water to

remove the chromium salts and any hydrochloric acid which

may be present. The oil is again left at rest, and when

clear is drawn off. Sodium bichromate may well be used

in place of the potassium salt ; it is cheaper and also more

easily soluble in water, so that the bleaching solution need

not be used boiling, as must be the case with potassium bi-

chromate.

Bleaching by means of ozone.—The linseed oil to be

bleaclied is brought in contact witli ozone in shallow boxes,

which are best lined with sheet lead, and through which air

richly charged with ozone is allowed to pass. The ozonised

air may also be aspirated through the oil, which is to be

thickened and bleached, in tall, narrow vessels, and the oil

then exposed to the action of light and air in shallow vessels

for several days. When treated in this manner linseed oil

bleaches in a few days, at the same time absorbing so much

oxygen in the short period that it thickens to a viscous oil.



CHAPTER IV

THE MANUFACTURE OF BOILED OIL—THE PREPARA-

TION OF DRYING OILS FOR USE IN THE GRINDING

OF PAINTS AND ARTISTS' COLOURS AND IN THE

MANUFACTURE OF VARNISHES, BY HEATING (BOIL-

ING) OVER A FIRE OR BY STEAM, BY THE COLD

PROCESS, BY THE ACTION OF AIR, AND BY MEANS
OF THE ELECTRIC CURRENT

The use of drying oils, especially of linseed, poppy, and

walnut oils, in conjunction with a pigment, either with or

without substances which increase the drying power of the

oil, is of comparatively ancient date. The discovery that

linseed oil could be converted into a " varnish " by means of

litharge, is attributed to an Augustine monk. In books

of the end of the sixteenth century we find directions for

preparing a good drying " varnish " by means of red lead,

litharge, bread, garlic, etc. These ancient boiled oils were

thick and dark brown and had a strong smell, since, in order

to make a good " varnish," the oil had to be heated for a long

time and with a large quantity of drier. Such boiled oils

have lasted almost to the present time ; twenty years ago

there were consumers who regarded boiled oil as good only

when it possessed the properties mentioned above. These

boiled oils were made in a very primitive manner : for

ordinary use they were generally made by heating the oil

up to a high temperature, yet not so high that decomposi-
147
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tion occurred. Pieces of bread and onions were then thrown

in, which were allowed to become thoroughly brown, wlien they

were eaten with relish. The driers were next added, and

the oil heated up to over 300° C. Others added the driers

when heating was commenced, tied up in a linen bag, which

was liung in the oil, so that only oxygen could pass into the

oil. Others, again, added the driers in very small quantities

whilst the oil was being heated, allowing each portion to

" dissolve " before more was added. The vessels in which

the oil was boiled differed as much in shape as in size. Some

believed that the heated oil must present a large surface to the

air, and therefore used wide shallow vessels. Others boiled in

deep pans and stills, so that no air could enter to the oil.

At the present time all this has been changed ; the

manufacture of boiled oil, which was formerly carried on by

the consumers,—artists and painters,—is now in the hands

of manufacturers, who concern themselves exclusively with

it or combine it with the production of the oil, the manu-

facture of paints or of varnishes. As a rule the apparatus

employed corresponds with the present condition of tech-

nology, but in many cases boiled oil is still made by the

older processes.

The drying oils, as they are obtained by expression

or extraction, do not quite answer to the demands made

of an oil to be used in conjunction with pigments. For

although they do dry without any additions, and rela-

tively more quickly in combination with certain pigments

(white lead, red lead), yet the duration of drying is much

too long.

Linseed oil requires .... 3-7 days.

Poppy

Walnut ,,

Candle-nut ,,

Chinese wood oil roquir

2-5

1-2

1-1
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The oils have therefore to be subjected to certain pro-

cesses of preparation, which are

—

(1) Heating to a more or less high temperature with

certain substance (metallic oxides).

(2) Blowing air through the oil.

(3) The electric current or ozone is allowed to act on

the oil.

The older views, upon the manner in which driers acted

upon drying oils, were essentially that a certain quantity of

oxygen must combine with the oil, which oxygen originated

in metallic oxides decomposed in the hot oil, or in atmospheric

air or pure oxygen ; thus that oxygen must be absorbed in

order to increase the drying power. According to Mulder,

for the formation of boiled oil " a high temperature and the

addition of oxygen, whether obtained by the action of air or

by the reduction of added metallic oxides rich in oxygen, are

absolutely necessary." In accordance with these views, the

preparation of boiled oil produces the following changes :

—

" (1) A portion of the linolic acid and other fatty acids of

linseed oil is set free.

" (2) In the presence of bases the fatty acids form

salts.

" (3) The formation of the anhydride of linolic acid is

effected or initiated.

" (4) Two or three of these processes take place at the

same time.

" Without any treatment, every drying oil produces,

though slowly, the leathery linoxyn and free fatty acids,

which are always formed in the preparation of the oil in

larger or smaller (juantity, according to the duration of the

boiling."

Such was the condition in which our knowledge of the

formation of boiled oil was left by Mulder's researches. It

was thought that boiled oil could not be made without
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adhering to the above principles. Tliese principles were

advanced in the author's previous work on this subject.

Since then there has been a great change in our knowdedge

;

by various researches it has been shown that the preparation

of the drying oils, in order to impart to them great drying

power, does not depend upon the addition of oxygen in any

manner, but on the introduction of such substances as are

capable " of ahsorhimj oxygen from the air, and of transferring

this oxygen to the linseed oil when it is spread out in a thin

layer," so that the oil uses the oxygen of the air for its own

oxidation. This absorption of oxygen from tlie air by the

substance contained in the oil, and its transference to the oil,

proceed until the coating is quite dry (in thicker layers until

very viscid). Full details of the researches on this subject

have been given in Chapter I. ; the results are mentioned

here since they are absolutely necessary to a general under-

standing of the subject.

The methods employed in the practical preparation of

boiled oil had been actually based upon this principle before

it was proved. Many years ago a good drying linseed oil

was made by the addition of liquid driers to raw linseed oil,

without the application of heat ; the product was not, how-

ever, regarded as equal to boiled linseed oil. With the

introduction of the metallic resinates a further advance

was made ; they were long used in the preparation of

boiled oil, without the application of heat or at a very

moderate temperature, before it was made certain by scientific

research that drying takes place simply through the transfer-

ence of oxygen.

According to Fehr, the alterations which linseed oil

undergoes in boiling are loss of mucilage and initiation of

the oxidation.

(1) The loss of mucilage is regarded by Fehr as the most

important result of boiling oil. In this connection he says

:
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" If a small quantity (a pinch) of litharge be introduced into

linseed oil containing mucilage, the mixture frequently

shaken and left at rest for several days for the oil to

brighten, there will be found upon the bottom of the vessel,

in addition to the uncombined oxide, a slimy deposit, which

consists of the mixture of gum and albumin, generally termed

mucilage. The latter forms the great impediment to the

drying, or more properly, the hardening, of linseed oil, so

that the quality of the oil depends on the larger or smaller

quantity of this mucilage. The mucilage is a soft mass,

soluble in oil, which, when present in large amoimt in linseed

oil, makes it thick and viscous. The first requirement which

should be demanded of boiled oil is that it should be suffici-

ently fluid, so that in this respect it stands between raw

and refined oil. The clear liquid above the deposit, although

not quite free from mucilage, has still lost a considerable

proportion. It will be found to have become considerably

more fluid, and hence that it will dry more quickly than the

raw oil."

The mucilage may also be more successfully removed

by other metallic oxides, but the removal is more rapidly

and completely accomplished by the action of heat, on which

account the oil is " boiled," as it is falsely expressed, in

the manufacture. This description is false, since the boiling

point of linseed oil lies above 300° C. ; the formation of

bubbles in the oil, which is erroneously regarded as boiling,

begins at 100° C, and is only a result of the evaporation of

the water in the oil.

What is then the action of heat alone and of litharge

when linseed oil is heated ? As has been said, the evapora-

tion of water commences at 100° C. If the temperature be

further raised, at about 150° C. the yellow colouring matter

begins to burn, and is completely destroyed at 180° C, when

the oil is decolorised and has acquired a pale greenish-yellow
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colour ; at this temperature the consistency has not changed.

The alteration does not commence below 300° C, thus it occurs

simultaneously with the formation of vapour, i.e. the decom-

position of the oil into its constituents. As is the case with

wood, the hydrogen here also burns more rapidly than the

carbon, the oil becomes richer in carbon, turns brown, thickens,

and acquires greater drying power. The vapours evolved are

principally hydrocarbons ; they readily ignite. In boiling

linseed oil which is intended for use in paints, the l)oiling

point of the oil should never be reached, in order that

the oil may not thicken, which, apart from other dis-

advantages, would considerably increase the labour of the

painter. The temperature should be raised to 175° to

180° C, in order that the water may be removed and the

oil made as colourless as possible. It is one of the first

requirements of boiled oil that it shall not impair the shade

of pale colours.

If now litharge be introduced into linseed oil heated to

this temperature, the mucilage separates almost at once. The

oil retains its fluid nature if now removed from the fire
;

but if kept with the litharge for some time at the high

temperature it becomes brown and thick, although the

temperature is far below the boiling point. In this case

the thickening is due to the litharge, which disappears as

such more or less from the oil ; it combines with the acids of

the oil and a thickish liquid is obtained which dries very

rapidly, and thus is described as boiled oil, though in reality

it does not deserve the name, but rather should be ranked

with the "plaster varnishes,", which are known to have

little durability. On the contrary, that boiled oil offers

the greatest promise of durability in which the oil

has been kept as far as possible in its natural con-

dition during the operation of removing the mucilage

;

this is, however, not the case with thick boiled oils.
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Thus it would be proper to require of boiled oil that it

should be thin, like the oil from which mucilage has been

removed.

(2) Initiation of the oxidation of the oil.—It is generally

thought that, in boiling oil with metallic oxides, the oxidation

is commenced by the oxygen of the oxide and carried forward

to a certain point. This belief is founded on the fact that it

is oxygen which causes boiled oil to dry, and confirmed by the

rapid drying of oil in contact with lead pigments which

contain oxygen, as opposed to the slow drying of oil in

contact with pigments, such as the soot blacks, which contain

no oxygen. Fehr regards this view as incorrect, at least in

so far as the oxygen of the oxide is supposed to effect the

oxidation of the oil. If this were the case the oxygen would

be separated from the oxide, so that metallic lead would form

a deposit in lead boiled oils. As a rule this does not occur,

and in the exceptional cases in which it is observed it'

signifies simply that the oxygen has separated from the lead,

but not that it has combined with the oil. That view is also

opposed to the experience that few metallic oxides produce

boiled oil drying as quickly as is obtained with manganese

borate, and further, that zinc oxide, in spite of its high

percentage of oxygen, is a pigment in contact with which oils

dry slowly. In order to decide this question, Fehr passed a

current of oxygen for a long time through raw linseed oil.

The drying properties remained unaltered. Thus it is to be

concluded that in boiling oil the oxygen of the metallic oxide

plays no part. The oxides, however, unite directly with the

oil and cause the separatioiL of the mucilage from the oil,

which process is sufficient to make the oil absorb oxygen

from the air more rapidly. The oxidation which the oil

undergoes in increased measure at the temperature of boiling

is caueed solely by the oxygen of the air and not by the

metallic oxides.
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In addition to litharge, several manganese compounds are

used in boiling oil, such as manganic hydrate, and especially

manganous borate. These substances effect the separation of

mucilage from the oil to the same degree as litharge, and

have the advantage over the latter that they do not thicken

the oil. Since, however, there is danger of producing dark

boiled oil, the temperature should not exceed 175" C, at

which manganous borate acts upon the oil and produces a

thin pale boiled oil with a somewhat greenish tinge. This oil

is completely indifferent to sulphur compounds, and hence

may be used with all pigments, and for both indoor and out-

door work.

Both in boiling and later, when the oil dries, the oxida-

tion is caused by the oxygen of the air. It is completed

more readily in oils from which the mucilage has separated,

and is accelerated by heating the oil. Too long or

too violent heating causes excessive oxidation, and hence

thickening, also under certain circumstances it darkens the

oil.

Success in the production of boiled oil depends, apart

from the first requisite—raw oil of good quality, upon heating

the oil to the correct temperature, which is readily obtained

if a thermometer is used.

Livache gives the following as the conditions upon which

the production of a good boiled oil depends :—

•

(1) The quantity of the drier or driers.

(2) The temperature.

(3) The duration of boiling.

In boiling linseed oil over an open fire the quantity of driers

varies from 2 to 4 per cent, of lead compounds and from

1 to 2 per cent, of manganic hydrate or manganous borate.

If the deposit be examined at the conclusion of the operation

a slimy mass will be found, and in the case of lead compounds

a notable quantity of metallic lead, whilst the boiled oil
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contains only about 1 per cent, of lead oxide. Hence we

may Conclude that

( 1 ) The oxidisable constituents of the oil have retained a

certain quantity of lead oxide.

(2) A certain quantity of lead oxide is precipitated in the

form of insoluble lead salts.

(3) A portion of the lead oxide has formed an insoluble

compound with the oil. This compound is due to the ready

saponification of certain glycerides in the oil, whereby a

certain quantity of glycerin is set free, corresponding to the

saponified oil.

If a manganese salt be employed instead of the lead

salt, the boiled oil contains about 0"5 per cent, of manganic

oxide.

In practice the suitable temperature for boiling is re-

garded as 210" to 228° C, and it is easy to give the

reasons.

In the first place, experience shows that when the oil is

heated it begins to decompose at 230° to 236° C, and gives

off volatile products, whilst fatty acids are formed which

injure the oxidised oil and require a long time to dry. In

order to obtain a fluid product which has not perceptibly

thickened, the temperature should not exceed 230° C. In

the saponification which occurs a corresponding quantity of

glycerin is set free. If this remained in the oil the dry

layers would never completely harden, but would remain tacky.

The glycerin must be removed, and this is accomplished by

boiling for a long time, since part of the glycerin is evapor-

ated at 225° C, together with certain volatile materials

which are evolved in small quantities from the oil during

boiling ; the temperature has little influence upon the dis-

tillation products of glycerin. Another part of the glycerin

is decomposed, either by the long continued heating or, as

Hartley has shown, by the presence of metallic lead (which
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has been shown to be present at the end of the operation),

into volatile products such as acrolein, acrylic, formic, and

acetic acids. The largest quantity, acting iipou the trigly-

cerides, produces diglycerides, the complete oxidation of

which follow^s, and a perfectly dry skin is formed when

this last reaction takes place at a temperature of 200° C.

In order to obtain good boiled oil, the temperature should

not exceed 230° C, but it must rise above 200° C. In

practice, as we have said, it is maintained between 220°

and 228° C.

The duration of boiling is from 3 to 6 hours, accord-

ing to the sliape of the apparatus, the intensity of the fire,

and the (piantity of oil under treatment. It is necessary to

boil until the above-mentioned reactions have occurred. It

has, however, been shown tliat the quality of boiled oil is

better the longer it has been boiled. A polymerisation

of the different glycerides of the oil occurs, producing

an oil which oxidises much more rapidly, and when

dry has greater elasticity. This is tlie reason why, in

England, instead of boiling oil rapidly and causing it to

" break," as in France, the oil is very slowly boiled, and

the boiling process protracted for several days and even for

a week.

In working with steam or superheated air the temperature

is maintained between 125° and 130° C. Steam at a pressure

of 4 to 5 atmospheres becomes reduced to about 2 atmo-

spheres pressure in the steam coil or jacket of the pan. It

will readily be understood that it is difficult, in view of safety

and economy, to heat steam to such a temperature that it

indicates 200° C. in a coil or jacket, for about 15 atmospheres

pressure are reipiired. At a lower temperature the glycerin

formed by partial saponification remains in the oil in large

quantity and prevents the formation of a coating as hard as is

produced by fire boiled oil. However, oil boiled by means of
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steam has the great advantage that it does not become dark,

hence manganic oxide can be used in larger quantity, so that

an energetic oxidation is produced, which counteracts the

unfavourable action of the glycerin. Direct oxidation may

also be produced by sending a current of air through the

oil. The glycerin may also be removed by sprinkling water

upon the hot oil. It will thus be understood that fire boiled

oil is often preferred to oil boiled by means of steam

;

prolonged boiling may, however, avoid or quite remove the

defects of the latter.

It is shown by these statements of Fehr and Livache that

heating to 220° C. is absolutely necessary, on the one hand, to

separate the mucilage, and on the other, to produce an oil

which shall subsequently dry to a hard layer. The author

agrees with these views only in so far as relates to the

separation of the mucilage from the oil, and when a pale

oil was in question would feel no anxiety concerning the

good, hard drying of an oil which had only been heated to

130° to 135°C. It will be seen later that it is possible, with

suitable driers, to produce a good and hard drying boiled

oil quite without the application of heat. The substances

which have been used or proposed for use as driers will next

be described.

The Dkiers Used in Boiling Linseed Oil

In order to convert raw into boiled linseed oil, certain

substances, the compounds of particular metals, are intro-

duced into the oil. They have the property of absorbing

oxygen from the air and transferring it to the oil, by

which the latter is made capable of yielding a hard elastic

layer.

Numerous substances have been used or proposed for this

purpose during a long series of years. A list of this is given
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for the sake of completeness ; their usefulness will be subse-

quently discussed :

—

Alum.

Antimony oxide.

Boric acid.

Bread.

Calcium plumbate.

Copper linoleate.

Copper resinate.

Copper salts (nitrate, sulphate,

etc.).

Dogs' excrement.

Ferric oxide.

Ferrous hydroxide.

Flake white (white lead).

Garlic.

Gypsum.

Lead, the granulated metal.

Lead acetate.

Lead borate.

Lead carbonate and white lead.

Lead - lime (lead peroxide and

lime).

Lead linoleate.

Lead manganate.

Lead-manganese linoleate.

Lead-manganese resinate.

Lead oxide, prepared.

Lead oxides, litharge (silver or

gold), red lead.

Lead peroxide.

Lead, precipitated (by the action

of metallic zinc on lead acetate

solution).

Lead resinate.

Lead suboxide.

Lead tartrate,

^langanese acetate.

Manganese benzoate.

Manganese borate.

Manganese carbonate.

Manganese chromate.

Manganese citrate.

Manganese formate.

Manganese linoleate.

Manganese nitrate.

Manganese oleate.

Manganese oxalate.

Manganese peroxide.

Manganese peroxide, artificial

(containing 70 to 75 per cent,

of MnO.„ 10 to 15 per cent, of

MnO).

Manganese preparation (resin-

ate).

Manganese resinate.

Manganese succinate.

Manganese sulphate.

Manganese sulphite.

Manganese tartrate.

Manganic chloride.

Manganic oxide, crystallised

(braunite).

^Manganous hydroxide.

^Mercuric oxide, red.

Nitric acid.

Onions.

Pumice.

Pyrolusite.

Shale, brown shale.

Tin, the granulated metal.

Umber.

Verdigris.

Vermilion.

Zinc, the granulated metal.

Zinc oxide.

Zinc sulphate (zinc or white

vitriol).
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Preparations of unknown or inexactly known composition

:

—
Boiled oil preparation.

Manganese oxide in lumps.

Prepared drier.

Ozonolin, a substitute for litharge.

Eesinate extract.

Siccative extract.

Siccative powder.

Universal siccative (containing lead and manganese). *

Varnish preparation (manganese resinate).

rrom these alleged driers the following may be separated

as quite inactive and therefore useless :—Alum, antimony-

oxide (decreases drying power), boric acid, bread (used to

remove " fat " from linseed oil), copper resinate, linoleate,

and sulphate (which have again recently been alleged to

cause drying), dogs' excrement, ferric oxide, ferrous hydroxide,

garlic, gypsum (only removes water), manganous chloride,

mercuric oxide (red), nitric acid, onions, shale, tin (granu-

lated metal), umber, vermilion, zinc (granulated metal), zinc

oxide. When the remaining substances are examined, after

the removal of the useless " driers," it is seen that they

are lead and manganese compounds and zinc sulphate ; the

use of the last named is not general, and its usefulness is

often denied.

[Table.
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VARIOUS drip:rs, their theorp:tical axd actual
PERCENTAGE OF METAL, AND THE MINIMUM
TEMPERATURE AT WHICH THEY PRODUCE BOILED
OIL.

Theoretical
Percentage
of Metal.

Average Percentage Minimum Tem-

Drier.
of Metal in the
Commercial

perature for the
Production of

Substance. Boiled Oil.

Pyrolusite 63-2 (30-60), 55 About 250° C.

Manganic hydroxide 62-5 45-50
Manganese dioxide, hy-

drated (artificial pyro-

lusite) 52-4 45-50 170-220' C.

Litharge.... 92-8 About 93 More certainly at

> 200"-220*' C.

Eventually in the
Red lead.... 91-2 ,, 91

Manganese borate . (5-22), 15

,
, acetate, crys- cold.

tallised 22-5 About 22

Lead acetate, crystallised 54-6 „ 54

Manganese oxalate . 30-4 ,, 30

,, carbonate 41-4 ,, 41 Above 280' C.

,
, resinate, pre-

cipitated . About 7 7 About 7 soluble

,, resinate, fused „ 5-3 2 -5-4 -5 „
,, linoleate ,, 8-9 About 9 ,,

Lead-manganese resinate.
,
Without rise of

fused . temperature.

,, linoleate

Powdered siccative .
0-5-3

Liquid ,,

The useful driers, which have been mentioned, may be

divided

—

(1) Into those which have been used since the first

manufacture of boiled oil, and have been somewhat more

extensively employed with the advance in the preparation

of new compounds of lead and manganese, viz. the oxides and

salts of these metals with inorganic acids and organic acids of

low molecular weight, such as pyrolusite, artificial oxides of

manganese, litharge, red lead, manganese borate, acetate and

carbonate, lead acetate, etc. Of these, lead acetate, litharge, red

lead, pyrolusite, manganese borate, manganic oxide, manganic

hydroxide and peroxide have been in practical use until quite
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recently. The other compounds, especially the different man-

ganese salts, have had occasional and not very successful

employment.

(2) Into those which have become known during the last

fifteen years-^lead and manganese salts of the acids of high

molecular weight derived from animal and vegetable fats

and resins—the so-called soluble driers or " soluble sicca-

tives," as they have been unfortunately called.

The essential and characteristic difference between the

two kinds of driers is, as Weger has said, that the members

of the second group dissolve readily and in large quantity in

linseed oil (also in turpentine and benzine) at the ordinary

temperature, or slightly above it. The members of the

first group, on the other hand, are insoluble in turpentine,

and generally require a higher temperature to be dissolved

by linseed oil.

The great variety of fats and oils offers an extensive

choice for the preparation of the driers of the second class.

According to Weger, all the possible lead and manganese

salts may be made and used with tolerably equal eftect. The

linoleates and resinates have alone been introduced ; this is

natural, since linseed oil and resins are the fundamental

constituents of boiled oil and varnish respectively, and also

because they are practically the cheapest materials. An
oleate (the linoleates are often called oleates) or a palmitate

may be occasionally used, but the quantity is trifiing as com-

pared with the resinates and linoleates. The acid, wliich is

combined with lead or manganese, has doubtless some influ-

ence upon certain properties of the boiled oil, but it is a jyriori

to be expected that it is without influence on the rapidity of

the drying, and that only the quantity of lead or manganese

influences the transference of oxygen. This expectation was

experimentally confirmed for the lead and manganese linoleates

and resinates respectively. In the case of the manganese
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compounds the experiments were not quite conclusive, the lino-

leate oils appeared to dry more rapidly than the resinate oils.

The commercial lead and manganese salts of the oil-acids

and resins are the following :—Lead resinate, lead oleate,

resinate of lead and manganese, oleate of lead and manganese,

manganese resinate (fused and precipitated), manganese oleate

(lead or manganese oleate or resinate). These are tolerably

complicated compounds, the chemical constitution of which is

not known with the same accuracy as that of the salts of

acetic or oxalic acid.

The compounds mentioned above contain the following

quantities of active metal :

—

Manganous linoleate, about 8*9 per cent, of manganese.

Manganic linoleate, ,, 6"1

Lead linoleate, , 26-9
5> lead.

Manganous resinate, „ 7-7
J)

manganese

Manganic „ „ 5-3
)> 5»

Lead ,, „ 24-0
>) lead.

These figures may vary in the case of resinates by about

5 per cent, in the case of linoleates by 2 per cent, above or

below. In consequence of the method of preparing these

substances, especially of those obtained by fusion, complica-

tions arise which make the value of these figures very

problematical. Deep-seated decompositions are produced at

the high temperature ; what becomes of the glycerides is

doubtful. In the case of manganese preparations, reduction

and oxidation may occur. It is not known whether the

product obtained from rosin and manganic oxide is really a

manganic salt, or whether it is not partially manganous

salt. The principal difficulty is, however, that under the

usual conditions no absolute union of base and acid or

glyceride occurs, but rather, in spite of an excess of the

former, uncombined acid or unattacked glyceride remains.

On the other hand, under certain conditions, as when the



164 DRYING OILS

process is " forced," more metal can be dissolved by the lin-

seed oil, and apparently also by the rosin, than corresponds

with the extreme limits of the figures just given. Weger

found 1 1 per cent, of soluble manganese in a fused manganous

linoleate, and more than 30 per cent, of soluble lead in a

fused lead linoleate. It might readily be supposed that the

glycerin residue had combined with the excess of lead or

manganese ; this is not impossible in the case of lead. It

is, however, very improbable in the case of manganese, since

free glycerin is only able to dissolve slight traces of man-

ganous or manganic oxide even at high temperatures. Ex-

periments made with linoleic acid free from glycerin seem

to decide against the above hypothesis. It has not yet been

shown that the products containing an abnormal quantity of

metal are quite free from uncombined rosin or linseed oil.

For the purposes of oil boiling, it is now important to

recognise the value of the driers in regard to their condition

and purity. The lead oxides of commerce, red lead and

litharge, are generally produced in a commercially pure con-

dition, and in this form they suffice. Ked lead rarely corre-

sponds to the formula Pb304, it generally contains somewhat

less oxygen; it contains 17'5 to 33"6 per cent, of peroxide

and 65'0 to -75'! per cent, of monoxide. Eed lead is

adulterated with brick dust, red ochre, ferric oxide, barytes,

gypsum, lead sulphate, clay, and sand, more rarely with white

lead, zinc white, calcium or barium carbonate, etc., substances

which are inactive. Pure litharge contains 9 2 "8 3 per cent,

of lead and 7"17 per cent, of oxygen; tlie impurities are

the oxides of copper, iron and antimony, lead, lead suboxide,

red lead, also chalk, silica, silicates (clay), carbonic acid, more

rarely the oxides of silver, bisnnith, tin and zinc. Occa-

sionally brick dust, red ochre, and ferric oxide are fraudulently

added to litharge, decreasing its value. The remaining lead

compounds included in the first group, when commercially
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pure, answer to the requirements. The same is the case

with the manganese compounds ; still, it should be observed

that adulteration with zinc white is common.

In the compounds of the acids of rosin and of the oils,

the soluble metal, comhined with the rosin or the oil-acids, is

alone of importance. The compounds suspended in the rosin

or oil (MnOa, MugOg, MnCOg, PbO, etc.), which occur in many

commercial products, do not enter into reaction when the

drier is dissolved at the ordinary temperature or at a gentle

heat. They are also harmful, since they make the oil turbid.

On the other hand, a large excess of rosin or oil is to be

avoided, since it would diminish the percentage of the active

constituent. Excess of linseed oil in the drier, would

naturally not be harmful ; a large excess of rosin is strictly

to be avoided. If we take the case in which the resinate drier

contains 50 per cent, of free rosin, the oil would contain

at the most 1"5 per cent., since more than 3 per cent, of

drier is very rarely used—thus at the worst a very incon-

siderable quantity. Attempts to restrict the quantity of

free acid are generally at the expense of the complete solu-

bility of the drier and its pale colour, and at the same time

frequently no improvement results. All fused resinates

contain free rosin or uncombined mineral matter, and very

often both at the same time. The free rosin in a drier has

a considerable influence on its easy solubility at low tem-

peratures
; a fused manganese resinate, containing 5 per cent,

of soluble manganese, would a priori be preferred to a

resinate containing only 4 per cent., and in certain cases is

preferred in practice. In other cases it is quite useless,

whilst the 4 per cent, resinate can be employed at a pinch,

but a 3 per cent, resinate would be most suitable.

As regards adulteration of this class of driers, it does not

occur in the case of resinates. Those who do not know the

requirements of the manufacturer might regard free rosin as
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an adulterant added to decrease the cost ; such an addition

would not, however, perceptibly diminish the cost. Lino-

leates are commonly adulterated ; the adulterant in one case

was found to be, not free rosin, but resinate of lime (50 per

cent.). Manganese linoleate may contain small quantities of

calcium linoleate in consequence of the material used in its

preparation ; small quantities of calcium resinate would not

be detrimental, but large quantities should not occur. To

test for this adulterant, the acids are separated from the

suspected substance and examined in Wollny's butyro-refracto-

meter, or, in case this expensive instrument is not at hand,

the resin and fatty acids are separated by Twitchell's method.

Borntrager of Hanover has practically examined various

driers for linseed oil. He finds that chrome red, obtained by

boiling lead chromate with caustic potash, and also lead

chromate, make linseed oil dry in 24 hours. Ignited lead

chromate, a pale brown powder, apparently containing lead

peroxide, dries with linseed oil in 12 hours. Lead humate,

a black powder, effects drying in 24 hours; ignited lead

humate and lead suboxide, in 24 hours, very hard ; lead

oxide, heated in the oxidising tlame, in 12 hours ; ignited

zinc humate (zinc white), in 1 5 hours ; Chinese blue, in

1 2 hours ; basic zinc chromate, in 2 4 hours ; basic lead

chromate, precipitated by sulphuric acid, a cinnamon-coloured

powder, in 24 hours. The lead cln-omates, pure and ignited,

dry best, as also ignited lead and zinc humates.

Unfortunately, in the communication the manner of

treating the linseed oil is not mentioned, whether in the hot

or cold way, and also the quantities used, which would be of

importance. The author doubts whether lead chromates

would effect any increase in the drying capacity ; in the

case of Chinese blue, it is quite out of the question, it is

well known in practice that all the iron-cyanogen pigments

rather hinder than accelerate drying, and that they are
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generally used with a large quantity of liqiiid drier. The

success obtained with ignited lead chromate was perhaps due

to the presence of finely divided metallic lead. The action of

lead humate may be ascribed to a similar reduction.

It may now be regarded as decided that the lead and

manganese compounds cause the most energetic transference

of oxygen to linseed oil, and that they alone find application

as effective driers. Many compounds of these metals have
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been proposed from time to time, which probably in most

cases, if not always, are inferior to the resinates.

In regard to the relation between the drying power, or

the time required for drying, and the quantity of lead or man-

ganese, or, as it is better expressed, the quantity of drier,

Weger makes the following statement :—If a small quantity

of a solid manganese compound, corresponding to about 0"02

per cent, of manganese, be dissolved in raw linseed oil, it dries

perceptibly more quickly than without manganese. If the

quantity of manganese be increased to 0*05 per cent, the
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dryiug action is already noticeable after 12 to 15 hours.

If the quantities of metal dissolved in boiled oil be taken

as abscissse, the times of drying as ordinates, any one of the

curves in Fig. 17 may theoretically represent the relation.

Weger's experiments show that the curve C really repre-

sents the connection. The experiments were performed with

commercial fused manganese resinate, manganese linoleate,

manganic hydroxide, and lead-manganese resinate. In all

such experiments it is necessary to estimate the quantity

of metal (or driers) actually contained in the oil. In order

to obtain distinct differences in the times of drying, it is

necessary to work with large quantities of driers, which in

many cases are not permanently retained by the oil. Weger

comes to the conclusion that, as the quantity of drier increases,

the drying power first becomes greater and then remains

constant ; the curve therefore falls at first and tlien runs

horizontally. The minimum time of drying is obtained with

about 0"2 per cent, of manganese, which large quantity is

therefore excessive in practice. With lead-manganese oils

the (juantity of drier may be greater ; the minimum time of

drying is attained with about 0"6 per cent, of metal in the

proportion of 5 PIj to 1 Mu. The belief, not seldom expressed,

that too much drier reduces the drying power, originates from

observations made on linseed oil mixed with liquid driers

;

excessive quantities of driers do not remain permanently in

the oil, l)ut separate.

F. W. Thorpe made a number of experiments in order to

elucidate the influence of the temperature of boiling and of the

driers used on the properties of boiled linseed oil. The oil used

was expressed in the cold from Calcutta seed ; in colour it was

a very pale yellow. In eacli experiment 50 c.c. of tlio oil, i.e.

45'7 grms., were ]ieated in a glass vessel on the sand-liath,

the sand reacliing lialf-way up the layer of oil. The contents

were stirred several times during boiling ; the driers were
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previously dried. The best results were obtained when the

temperature of the sand-bath was 230° to 275° C. After boil-

ing, portions of the oil were spread on glass and allowed to

dry in the open air in a good light. The coating was regarded

as dry when it could be touched without retaining the impres-

sion of the finger. The results are given in the following

table :

—

Drier.

Quan-
tity of

Drier.

Duration of

Boilingr.

Tempera-
ture of

Boiling-.

Time of

Drying.
Appearance of the

Dried Layer.

Grms. Hrs. Mins. °C. Hrs.

Litharge 1-0 2 15 220 6 Almost colourless.

>}
0-2 2 15 250 10 99 99

99
0-8 1 30 250 10

Lead peroxide 1-072 1 30 220 several Strongly coloured.

,, chloride. 1-247 2 30 250-360
days
24 Slightly

Red lead 1-024 2 30 220-285 24 Strongly
Lead oxalate . 1-323 2 15 300 did not

) J } }

,
, tartrate .

1-6 2 15 270
dry
24 >» ) J

,, acetate . 1-46 2 15 270 12 Slightly „
,, borate . 1-105 1 30 220-300 20

) ? '>

,, carbonate 1-197 2 225 10
Zinc oxide 0-5 2 15 250 45 Almost colourless.

,, sulphate

,, sulphate

,, acetate .

1-987
1-5

ro

2

2

2

30

15

285
230

235-280

45

45
40

Yellow.
Colourless.

,, borate . 10 2 240 40 Almost colourless.

,, borate . 0-5 1 30 240 46 }) f

)

,, borate . 0-5 1 30 240 46 >> ))

,, nitrate . 1-5 2 30 230 36
Manganese acetate . 1-0 2 15 225-250 20 J> 9)

,
, borate . 1-625 2 15 220 20 Colourless and

hard.

,, sulphate

,, oxalate.

1-72

1-64
2

2

240
230

40
40

Colourless.

,, acetate . 0-5 2 225-250 20 Strongly coloured.

,, borate . 0-5 1 230 20 Colourless.

,, acetate . 0-5 1 15 225-230 20 jj

,, oxalate .
1-5 2 30 230 36 ^,

, , sulphate

,, oxalate .

1-5

1-0
2
2

30
45

240
240

36
48 Yellow.

,, nitrate .
1-5 1 30 230 24 Blackish.

,, tartrate. 1-0 2 30 2.30 24 Colourless.

,, formate. 10 1 240 24 Slightly coloured.
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Some of the boiled oils were examined in order to deter-

mine the percentage of metallic oxide they contained.

Drier.
Quantity of

Drier.

Lead or Manganese per cent.

Found.

I. II.

1-477Lead carbonate
Grins.

1-197 2-030 1-392

,, acetate .... 1-466 2-230 1-396 1-338

Litharge ..... 0-200 0-406 0-244 ] -338

Lead borate .... 1-105 2-030 0-982 0-998

Manganese sulphate

.

1-720 1-370 0-045 0-038

,, borate . 1-620 2-060 0-208 0-190

,, acetate . 0-500 0-347 0-248 0-256

,, oxalate . 1-500 1 -0.34 0-248 0-030

,, tartrate . 1-500 0-670 0-049 0-043

From these experiments it might be concluded that oil

boiled with lead compounds generally has a darker colour,

which becomes more or less evident in the dried layer. Zinc

compounds appear to exert no action on the oil ; they make

it dry slowly and impart no liardness to it. Manganese com-

poimds give better results, but litharge the best ; the oil dries

rapidly, the coating is hard, and if the oil has not been boiled

at too high a temperature it is Ijarely coloured. Manganese

borate and acetate are the best driers, especially the former

;

when the acetate is used, the temperature should not rise

above 230° C, otherwise the oil becomes strongly coloured

owing to the formation of tarry (?) products. The acetate is

the best of the zinc compounds, yet the borate and citrate

give good results. Chlorides, nitrates, and borates are not
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good driers, they cause too violent an action ; the last-named

decompose with difficulty, and require a high temperature.

The use of formates, citrates, and tartrates appears to offer no

advantage.

For the preparation of pale boiled hnseed oil Eiitgers

proposes the use of glycerin. He states that manganous

borate has the defect of possessing a low specific gravity,

hence oil treated with it requires a long time to clear and

deposit, and forms a considerable foot, which is to be regarded

as loss. By utilising the solubility of manganous borate in

glycerin these objections are apparently removed ; the drying

action of manganous borate is far greater when dissolved

than when dry, thus considerably smaller quantities may be

used to produce the same effect. The more anhydrous is the

glycerin the greater is its solvent power. Nothing is said

as to the method by which the linseed oil is treated with the

glycerin solution, although this is very necessary, especially

since glycerin does not dissolve in linseed oil, and could only

be used as a means of transferring the drier. In order to

produce a drying action, the affinity of the manganous borate

for the linseed oil must be greater than for glycerin, in

order that it may enter into the oil, which appears hardly

credible.

Very interesting and suggestive are the results obtained

by Livache with non-drying oils treated by his process.

The drying and non-drying oils were treated with metallic

lead and manganese nitrate, poured off, and then treated with

litharge in order to remove excess of manganese nitrate.

When these oils were exposed in thin layers, the drying

oils were found to increase considerably in weight, but the

non-drying oils very little. But when the oils were exposed

for two years, it was observed that the drying oils, which «had

become solid elastic bodies, experienced a decrease in weight

after one year ; at the same time the coating, previously quite
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dry, became somewhat sticky on the surface. On the other

hand, the non-drying oils, which only increased in weight after

a long time, thickened considerably, and in certain cases formed

a solid hard mass, which only slightly adhered to the finger.

The alterations in weight and consistency are given :

—

Oils.
•

Loss of \\

cent.

"eight per
after

Remarks.

One Year. Two Years.

Drying oils

—

Linseed oil . 10-3 7-0 Somewhat sticky before drying.

Walnut oil . 9-4 7-6 Rather ,, ,, ,,

Poppy oil 8-0 5-3 Flows readily
, , ,

,

Cottonseed oil 6-3 4-5

Beech-nut oil 6-1 5-0 Adheres to the finger before

drying.

Non-drying oils

—

Condition after tioo years.

Colza oil

Sesam^ oil .

Aracliis oil .

6-0

5-2

5-7

5-3

4-8

5-6

Solid, transparent, adheres to

the finger.

Solid, transparent, adheres to

the finger.

Very thick, remains sticky.

Rapeseed oil

.

Olive oil

5-8

5-3

5-4

5-7

Solid, transparent, adheres to

the finger.

Very thick, remains sticky.

The Manufacture of Boiled Oil and the

Appakatus therefor.

In the present condition of the manufacture of boiled oil,

when there are the most varied views as to the necessity and

desirability of using high temperatures, when numerous solid

driers, liquid siccatives, and " siccative extracts " (generally

solutions of linoleates or resinates of lead and manganese) are
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employed, when also the most different and apparently

equally favourable results are obtained, it is difficult to take

up and defend a one-sided position, especially since exhaust-

ive information is expected in a treatise on the subject.

The manufacture of boiled oil will therefore be treated in

three sections, according to the temperatures employed :

—

1. The preparation of boiled linseed oil at temperatures

up to 30° to 40° C.

2. The preparation of boiled linseed oil at 130° to 140° C.

3. The preparation of boiled linseed oil at -2 20° to 270° C.

Halphen divides the processes used in the manufacture of

boiled oil into five classes :

—

1. The preparation by the action of heat alone, without

any additions.

2. The preparation by means of manganese oxides,

hydroxides, and salts. (The processes of Binks, Grohmann,

Chevreul, Dullo, Barruel and Jean, the process with man-

ganese resinate.)

3. The preparation with lead oxides or salts, with or

without heating (with litharge, white lead, lead sulphate,

Liebig's process, Binks' process (lead oleate), with litharge

and zinc sulphate, with granulated lead and tin, with pre-

cipitated lead).

4. The preparation with lead, zinc, tin, or their salts.

5. The preparation by means of acids (hydrochloric and

nitric).

Halphen recapitulates or abstracts, however, only those

processes which have been more or less frequently mentioned

in the literature of the subject, without regard to the fact

that many of them are quite worthless. Such, for example,

as the processes with granulated lead and tin, also no one

to-day tries to make boiled oil simply by heating. TJie

author does not say that the methods for the preparation

of boiled oil by means of lead oxides and manganese com-
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pounds no longer have their application, but the processes as

given by Halphen produce results extremely incomplete for

practical purposes. Acids also are not used in the prepara-

tion of boiled oil ; occasionally they are used for refining,

though rarely. There is such danger of the decomposition of

the oil without great care, when effective quantities are used,

and the difficulties of entirely removing the acid from the oil

are so considerable, also the loss occasioned by emulsified oil

is so great, that this process is quite out of the question in

practice.

The driers will first be considered. In the preceding

section we have seen that the following substances are now

in use for this purpose : litharge, red lead, lead resinate,

lead-manganese resinate, lead oleate, lead-manganese oleate,

crystallised and dehydrated lead acetate, pyrolusite, man-

ganese peroxide, manganic hydroxide, manganous borate,

manganese resinate, manganese oleate. All other driers are

without technical application, though they may occasionally

be used without producing particular results.

Pale boiled linseed oil can only be obtained with

anhydrous lead acetate and manganous borate. All other

driers produce more or less dark oils, especially when used at

high temperatures. Boiled oil produced at ordinary tem-

peratures or below 230° C. can only be used for the grinding

and thinning of paints or for application alone. The varnish

manufacture requires boiled oil, which has been heated at

least to 270° C, so that all the foreign matters contained in

the oil have been removed. A difference must therefore

be made between boiled oil intended for painting and for

varnish making.

It would always be advisable, speaking generally, to heat

linseed oil up to 270° C. before converting it into boiled

oil by some method or another. The foreign substances,

which are always present, then separate, as has been repeatedly
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remarked ; the intense yellow colour of the oil is changed to

a pale green, so that it may be used in white paints ; it

acquires a somewhat burnt smell, which is liked by the

consumers ; it also deposits a remarkably small foot, especially

when the conversion into boiled oil is accomplished without

any considerable rise in temperature and liquid driers are

used, whether they be true siccatives from linseed oil lead

plaster, or solutions of lead resinate and oleate and manganese

compounds in linseed oil or turpentine. The oil is heated in

a simple manner, it is brought up to 130° C. in a pan of

suitable size, maintained at this temperature until it contains

no more moisture, i.e. until the oil no longer froths or foams,

and only gives off small bubbles. A more rapid fire is then

applied, so that the temperature rapidly rises to 270° C, and

the decolorisation of the oil occurs, the colour changing from

deep yellow to pale greenish. The heating of the oil is then

discontinued, the fire is extinguished, and the oil allowed to

cool. When quite cold it is drawn off, or run off from the

deposit by means of a tap.

The quantity of the drier and its eventual combination

are very important in boiling linseed oil. In regard to the

colour of the finished oil, it must be said that it is useless to

associate lead compounds with, e.g., manganese borate, for the

oil will not thereby be made paler. It is equally useless to

the drying power of boiled oil to overload it with driers, for

experience has shown that the excess of driers thickens the

oil and forms foots, without increasing the drying power.

The permissible maximum quantities of driers are as

follows :

—

Litharge, very finely ground 2-3 per cent

Eed lead ..... 2-3 „

Lead acetate, fused . . 2-5-3-5 „

Pyrolusite .... 5

Manganese peroxide . • 2-3 „
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Manganic hydroxide .

INIanganoiis borate

jNIanganese or lead linoleate

Manganese resinate, precipitated

,, ,, fused .

2-3 per cent

1-2

2-3

1-2-5 „

5

In the case of the last two driers, which possess very different

powers of transferring oxygen, the origin indicates the neces-

sary quantity.

The apparatus used in hoiling linseed oil is a pan of

sheet iron, cast iron (enamelled or not), or of tinned copper.

In shape it differs greatly, as has been previously mentioned.

It is advisable that it should have a greater width than

depth, so that a large surface may be exposed to the action

of the air. The size of the pan varies in accordance with the

scope of the works, generally its capacity will be 50 to 500

kilos.
;
pans of a capacity of 1000 kilos, and more are, how-

ever, used. The smaller pans are generally arranged so that

they can be readily removed from the fire, whilst the larger

pans are built in and provided with special safety appliances

to guard against fire and to prevent the heated oil from

overflowing. For the former purpose a heavy iron cover,

running on rollers and rails, is fastened to the roof of the

room, and can be let down in case of fire, which it quickly

extinguishes by excluding air. A run-off cock is also pro-

vided in the bottom of the pan, by wdiich the oil can be

rapidly drawn away to a cold tank. The arrangement for

preventing the oil from running over, or rather, to prevent

escaping oil from reaching the fireplace, consists of a circular

channel running round the mouth of the pan, in which

overflowing oil is caught, to be then carried away by a pipe.

Two pans in juxtaposition can also be used ; the oil is heated

in the larger pan, which is of such a capacity that the heated

oil fills it to within about 10 cms. of the edge. It is built

so that oil which flows over cannot reach the fireplace, and
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so that it is surrounded by the iire and fire gases to only-

half its height. It is provided at the side with a pipe

through which the oil, which would otherwise overflow, can

run into the second pan, placed near and at a lower level,

which is not heated. The pan may also be covered during

the operation with a well-fitting lid, provided with a slide

and elongating to the pipe which leads the vapours and gases

to the chimney, where a small fire is maintained to burn the

gases. The use of steam, instead of an ordinary coal fire, for

heating the linseed oil has particular advantages, and if it is

not yet employed to the extent it deserves, this is due to the

cost of erection, which is fairly high owing to the necessity

for a steam boiler. The oil is generally boiled in jacketed

pans, more rarely in pans heated by a steam coil, with which

it is difficult to attain the necessary temperature. The steam

is either at an ordinary temperature or superheated ; the use

of the latter is associated with difficulties and dangers, but

has increased with recent years, so that many oil boilers now

use superheated steam. The apparatus heated by steam, and

also other special constructions, will be described later in

another place.

The preparation of boiled linseed oil at temperatures

up to 30° to 40° C.—Large pans are not required for heating

the oil ; small pans, iron tanks, or even wooden tubs may be

used. The treatment of the oil proceeds at the ordinary

temperature of 10° to 12° C, but is much accelerated if it

is possible to obtain a temperature of 15° to 20° C. by

heating the room or by adding heated oil. The process is

very slow at temperatures below 10° C, and since rapid

production is generally desired, heating by one of the above

methods is to be recommended. In this method of "boiling"

oil only those substances can be used as driers which really

dissolve in linseed oil—the resinates and oleates of lead and

manganese and their solutions in linseed oil or turpentine,
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also liquid driers. The use of any other driers is quite

impossible, siuce they exert no action on cold oil. The fused

resinates and oleates of lead or manganese, or of both metals,

are powdered as finely as possible and completely dissolved at

90° to 100° C. in a portion, about 10 per cent, of the whole, of

the quantity of oil which is to be " boiled." The solution is then

stirred intt) the remaining oil. If the driers are simply stirred

in without lieing previously dissolved, turbid oil is produced,

which brightens with difficulty, since the fused resinates and

oleates do not dissolve in quite cold oil. On the other hand,

precipitated resinates dissolve, and also the commercial solu-

tions of resinates and oleates in linseed oil or in turpentine.

These substances may be used without heating ; they are

added to the oil contained in a tank, the oil is well stirred

repeatedly for 24 hours, and then left to settle. The time

requisite to obtain a pure l)riglit oil depends partly on

the purity of the linseed oil, partly on the nature of the

drier, and also on the temperature at which the oil is

maintained whilst settling. Definite statements cannot be

made ; but if the mixture is sufficiently warmed and the

drier of good quality, the oil brightens completely. The

clear oil is then drawn off frcnn the foot, which is collected

in other vessels and allowed to remain at rest, so that more

clear oil may separate.

The preparation of boiled linseed oil at temperatures

between 130° and 140° C.— In this process the oil is heated

in a pan to 130° to 140° C, and maintained at this tem-

perature for 3 or 4 hours—a period sufficient to give a

good product. All the driers may be used, but again the

resinates and oleates are especially applicable ; they are added

to the oil either from the commencement of the opera-

tion, or after it has been heated for 3 or 4 hours at 130°

to 140° C. In the former case darker and more viscid oils

are obtained, in the latter the boiled oil is paler in colour
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and more fluid. The drying power is the same in both cases,

and there is also no great difference in the hardening of the

oil. When manganese borate is used, the temperature should

never exceed 130° C, if pale boiled oil is required. In

order to obtain a very pale oil, so-called " zinc-white boiled

oil," the oil is heated to 270° C, and when cold separated

from the deposit, heated to 130° C, and the manganese

borate, ground in a little linseed oil, added with stirring.

This process is sufficient to yield a pale boiled oil, which dries

well.

The proportions of the driers to the linseed oil are as

follows :

—

Litharge, finely ground . 2-5 pel' cent

Red lead .... .
2-5

)>

Litharge, 1 '5 per cent. ; red lead, 1 per cent. . = 2-5
J)

Litharge, 1 per cent. ; dehydrated lead acetate,

2 per cent = 3-0
))

Pyrolusite .... 5-0
5>

Manganous borate .
1-5

)>

Manganese resinate, precipitated 1-5
5J

„ „ fused 3-5
J>

Manganese or lead oleate 2-5-3
)J

Liquid driers may also be used when the oil is heated to

130° C. ; the maximum quantity should be 5 per cent., in

order to obtain an oil drying within 24 hours. It should

be remarked that all liquid driers obtained from lead plaster

cause a considerable amount of foot, to which fact regard

must be given.

There is no danger in working at 130" to 140° C. ; it is

only necessary in using pans heated by fire, not to fill them too

full or heat too suddenly, so that the oil does not froth up

—

especially when it contains much water—and, flowing over

the side of the pan, reach the fire. The oil in the pan can

never take fire.
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The preparation of boiled linseed oil at temperatures

between 230° and 270° C.—With care and forethought this

method of boiling oil also is without danger, since the boiling

point of linseed oil is not attained, and the temperature of

ignition (400" C, or above) lies far higher. The arrangements

for heating have been mentioned previously. The quantity of

driers is maintained within the permissible limits ; they are

introduced either when the oil is first heated or after it

has been maintained at 270° C. for 3 to 4 hours, and has

cooled down to 130° or 140° C. Xot much remains to be

said about this process ; it is very similar to the immediately

preceding. The boiled oil is generally dark and viscous, and

possesses a somewhat unpleasant smell. In boiling linseed

oil at high temperatures there is danger that men, who are

continuously employed, may contract lead poisoning. Pre-

cautions should be taken, and the men changed at intervals.

The preparation of boiled oil by means of steam.—
Either steam at a usual pressure or superheated may be used

for boiling linseed oil. Several suitable forms of apparatus

are described below. The process is very similar to the two

previously described ; the oil is heated for the same length

of time, and a similar quantity of driers is used. The boiling

process is without danger. The oil produced differs in quality

from other boiled oils only in possessing generally a paler

colour ; it does not dry more slowly or more rapidly.

Jacketed pans.—Steam-jacketed pans, which are particu-

larly suitable for preparing pale boiled oil, are made of boiler

plate 4 to 5 mm. thick, capable of resisting a steam pressure

of 4 1 to 5 atmospheres. The steam is supplied from the

boiler by means of a single steam pipe. Each pan has a

safety valve, and one of the two is provided with an exit

pipe for the steam, and with an outlet for the condensed

water, both provided with cocks. Steam enters the apparatus

first by c' into the pan B (Fig. 18), and thence proceeds into A.
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As soon as there is a sufficient pressure of steam in the appar-

atus the blow-off cock / is opened, the steam allowed to blow

off for about half a minute, and this cock then closed so far

that only a little steam escapes. By this means the steam in

the pans is maintained at a uniform temperature. The tap g

is then opened, so that the condensed water which has col-

lected on the bottom of the pan may be forced out by the

pressure of the steam ; the steam valve remains completely

or three-quarters open. If the pressure in the boiler is 4 1 to

5 atmospheres the pressure in the pans will be the same,

and 30 minutes after the commencement of the operation

Fig. 18.—Steam-Jacketed Pans for boiling Linseed Oil.

the oil will have reached a temperature of 132" C, which,

however, cannot be exceeded. There is absolutely no danger

in heating the oil ; it cannot take fire, and it is only necessary

to take care that the condensed water can flow away freely,

and that the steam exit is sufficiently open. Each pan has

a capacity of about 350 kilos. The oil is introduced from

barrels by means of a pump. After the lapse of the time

necessary to produce boiled oil the exits for the steam and

condensed water are rapidly opened, the entrance of steam at

once stopped. The steam and condensed water both take

their proper course. The pan is then emptied by means of
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a pump or pipe, the contents being conveyed to a sheet-iron

tank, where the oil is left to brighten. The pan may be filled

again at once.

A jacketed pan much used in England is depicted in Fig.

19. It is completely closed, stands on a foundation of

masonry, and is provided

with stirrer and a pump,

both of which may be

driven by gearing. The

pump forces air into the

pan, thus the oil may be

treated with air or with

air and driers together.

Apparatus for boil-

ing oil by means of

superheated steam.—
The installation shown in

Fig. 'ZO has the super-

heater quite outside the

room where the oil is

heated, but placed as near

as possible to the boiling

pan, so that the steam

pipe may not be too long.

The pan is surrounded by

brick-work, in order to

avoid loss of heat. The steam is led from the main boiler

to the superheater, where it is heated to a high temperature,

and at about 400° C. enters the coil in the interior of

the pan, thus giving up its heat to the oil. The oil is thus

heated gradually and with great regularity. A sudden rise

of temperature, which frequently cannot be avoided in using

the intense heat of an open fire, is in this case quite impos-

sible. At the same time, in this method of heating the

Fig. 19.—Apparatus for boiling Linseed Oil.
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driers cannot be partially burnt hard on to the bottom of the

pan, where the heat is not applied in this case. This is a

considerable advantage, since a pan heated directly over the

fire may be damaged by such mischance, which would cause a

heavy outlay for repairs. Since there is no fireplace in the

room containing the boiling pan, there is practically no danger

of fire. The pan is covered by a lid hung on chains moving

over pulleys, and thus easily removable ; it is provided with

a small opening, which can be closed, through which the

Fig. 20.— Installation for boiling Linseed Oil by means of Superheated Steam.

process is watched, additions are made to the oil and the oil

is stirred as required. The cover also carries a thermometer,

which dips into the oil, the temperature of which it indicates.

The cover communicates with a sheet-iron pipe of suitable

size, through which the vapours are led away and conducted

under the hearth of the superheater, the draught in which draws

them off; in passing over the hot coals on the hearth they

are burnt. There is no danger of the flame striking back

through the pipe, since the vapours, which are rapidly cooled
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in their long course, are not inflammal)le when cold. A
further protection against the flame striking back is oljtained

by placing fine wire gauze at the point wliere the vapours

enter the ashpit under the bars of the superheater ; the wire

gauze performs the same function as in the miner's safety

lamp. By this simple arrangement the process is made

practically free from smell.

In boiling linseed oil by means of superheated steam

there is practically no danger of the oil boiling over ; but

such an accident would entail material loss, therefore, in

order to avoid every possibility, the pan is provided with an

overflow pipe of sufficient width, which conveys the oil with-

out any loss or damage to a tank at one side, where it cools.

In order to utilise to the greatest extent the heat of the

steam, which leaves the coil of the l^oiling pan still liot, a tank

is arranged at a higher level, in which the oil is heated for

the next l)oiling. The process is thus made very econom-

ical, and the capacity of the apparatus is considerably

increased, since the time is saved which would be required

to heat up the oil in the pan from tlie ordinary temperature

to that at which it leaves the preliminary heater. Another

advantage of the pi-eliminary heating of tlie oil, not to be

despised, is that tlie pan is saved frequent great changes of

temperature.

Apparatus for boiling linseed oil and removing the

vapours.— TJie vapours may Ije drawn from the l)oiling

pan by means of an arrangement consisting of a system of

pipes with water tanks and jets (Korting's patent) intro-

duced in the pipes at intervals. In the figure (21) the

use of the jets is represented diagrammatically ; a is the

l)oiling pan, h the hood to catch the vapours. The system of

pipes c, d, f, g, h, i comnnmicates with the upper part of the

hood. At the commencement of each of these pipes are jets

h, /.-, . . . wliicli are connected with a system of water pipes
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/, so that each has a branch pipe and tap. At the exits of the

pipes c and h, or what is tlie same thing, the entrances to the

pipes d and i, are the water tanks m and m^, which collect

the sprayed water and the precipitated oil particles. Be-

neath the tanks are the drainage pipes n, n . . . The system

of pipes may be arranged in many different ways ; it is pro-

portioned to the requirements and to the number of jets h
To prevent the pipe c from burning, the hood h is surrounded

by a water jacket o. At the entrance to the last pipe i a

pipe p, with widened mouth, is placed so that the water

Fig. 21.—Apparatus for condensing the Vapours eA'olved in boiling Linseed Oil.

projected from the jet k^ may flow back into the tank m^

without hindering the exit of the gases. The exhaustion of

the gases above the pan a is proportioned to the needs of the

moment, so that the vapours never escape the hood h ; the

room then remains free from noxious vapours and smell.

The apparatus works as follows :—The vapours evolved from

the pan a are exhausted by means of a draught created by the

jet k ; they are then intimately mixed with the spray pro-

duced by the jets, by which they are cooled and precipitated.

The volatile vapours condense and collect in the tanks m
and m^
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Rapid boiling apparatus of Zimmermann and

Holzwich.—In this process all parts of the apparatus, with

which the oil comes in contact, must either be made of lead or

covered with sheet lead, by which means it is stated that the

addition of litharge is avoided (this is, however, not the case,

the action of compact metallic lead is so slight that it cannot

be taken into practical consideration). The linseed oil to be

boiled must be pale and air

bleached in order to produce

a pale boiled oil. The ap-

paratus is depicted in Figs.

22, 23, and 24, in plan and

vertical elevations. It con-

sists of three principal parts

—

(1) a sheet-iron tank in which

the oil is heated, (2) an iron

tank B lined with lead, and

(8) two closed sheet-iron boilers

C, C lined with lead (montejus).

The linseed oil flows from

the tank B through the tap

/ and funnel g into the box a,

from which it passes to the

box a below, and thence in a

slow stream through all the

boxes a,a . , . , until it collects

in the lowest box a, from which it goes through the pipes

d, d, provided with taps, into the sheet-iron cylinders C, C.

The air in the cylinders escapes through the tap K,

which is left open whilst they are being filled. When one

of the cylinders C is full of oil it is retransferred to

the tank B by means of the lead pipe e ; it repeatedly

circulates through A, C, and B until it is entirely con-

verted into boiled oil. The oil is driven up into the

Fig. 22.— Rapid boiling Apparatus.

Zimmermann and Holzwich. Plan.
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tank B by closing the tap K when a cylinder is full, and

forcing air by means of an air pump through c, above

the surface of the liquid, which then rises through the

pipes 6, e. Thus two cylinders are necessary for continuous

working, one cylinder is filled whilst the other is being

emptied. The combination of this apparatus with the

Fig. 23.—^Rapid boiling Apparatus.

Zimmermann and Holzwich. Ver-

tical Section.

Fig. 24.—Rapid boiling Ap-

paratus. Zimmermann
and Holzwich. Longi-

tudinal Section.

running apparatus of the varnish factory has the object

of utilising for oil boiling the air from the latter, which

is still heated to 130° C. This air enters A by h, raises the

oil as it flows through to approximately the same tempera-

ture, and thus renders possible the formation of boiled oil.

The consistency of the oil passing from C to B indicates
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whether the process is finished or the oil must be again

treated. The handles shown at each side of the vessel A are

attached to slides, through whicli the surfaces a, a may be

cljb

r^
OZw

Fig. 25.—Sauer's Apparatus for converting Oil into "Varnish."

Longitudinal Section.

inspected and cleaned. The flue i, provided with a damper m,

carries to the chimney the combustible vapours evolved from

the boiling linseed oil, which would attack the eyes.

STEAM

Fi(4. 26.—Sauer's Apparatus for converting Oil into

" Varnish." Section through the middle of E.

Apparatus of Otto Sauer for converting oil into

"varnish."—The apparatus consists of the pan A (Fig. 25),

with stirrer B, by means of which the oil in the pan can

be maintained in rapid motion. By means of the pipe E
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a current of heated air may be led into the oil ; it is divided

into small bubbles by means of the plate C, which is per-

forated by small holes. Hydrogen peroxide and a con-

centrated aqueous solution of zinc chloride are introduced

into the oil as a fine spray by means of the current of

air ; the former is contained in the vessel H (Fig. 26), the

latter in I. The pipe K introduces a current of steam or,

better, of compressed air into the sprayer. The air forced

into the oil from E by means of the pipe R thus carries both

liquids in fine spray. Whatever portions of the spray are

not carried away by the air current deposit on the bottom of

the vessel E, and are drawn off from time to time by the

taps S. A diaphragm is provided at the bottom of the

vessel E, so that the two deposits may mix as little as

possible. The operation is continued until 0'5 kilo, of

hydrogen peroxide and 1'2 kilos, of zinc chloride solution

have been used to 100 kilos, of oil. These substances are

introduced into the oil in a very finely divided condition,

and are very intimately mixed with it by means of the

stirrer. The zinc chloride exerts a refining action, the

hydrogen peroxide a bleaching action, and in addition the

oxygen of the air an oxidising action, which converts the oil

into " varnish."

Livache's process for preparing a good drying oil

AND ITS practical APPLICATION.—The proccss of Livache

for treating linseed and other drying oils in the cold with

unoxidised finely divided metallic lead, obtained by the

action of metallic zinc on lead acetate solution, is based

upon his researches on the absorption of oxygen by the

drying oils.

The process and proportions for 100 kilos, of linseed oil

are as follows :—3 kilos, of lead nitrate are dissolved in

15 litres of water, 6 to 7 c.c. of nitric acid are added, and

then about 600 grms. of zinc in strips. The precipitated
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lead is brought into a large vessel containing bundles of

wood fibre and rapidly washed with water, an operation

which is several times repeated. The water is then poured

off and a small quantity of linseed oil added, which is

absorbed by the porous lead and displaces the water.

When the water has been removed the mixture of lead

and oil is poured into 100 kilos, of linseed oil. The

mixture is continuously stirred ; if a mechanical stirrer is not

employed the oil and lead are brought into a barrel, which

is violently rolled about. Immediately the oil comes in

contact with the air and is oxidised, it acquires a red colour.

If the operation has been properly performed the oil is

as fluid as at the commencement ; it contains a small

quantity of lead, and dries in 24 hours. It is of advantage

to introduce a manganese salt into the treated oil. For

this purpose a very soluble manganese salt, manganese

nitrate, is added to the oil, in the proportion of 1"5 kilos,

to 100 kilos, of linseed oil ; the oil is well shaken or stirred

several times during 2 or 3 days, it is then allowed to

settle and drawn off when clear. It contains an excess of

lead nitrate, which indeed makes it dry but leaves it turbid

;

750 grms. of precipitated lead are added and the oil well

stirred. After standing and drawing off, the oil is quite

bright ; when exposed to the air in thin layers it dries in

6 hours. It should be observed that the oil ac(|uires, in

consequence of the presence of manganese, a brown colora-

tion during drying, which soon disappears and then leaves

the layer completely colourless. According to Livache, some

manufacturers who employ this process have found in certain

cases tliat the dry layers of oil were somewhat soft, which

may perhaps be due to the presence of small quantities

of glycerin. The diuwback is removed by heating the oil io

a moderate temperature after it has been treated.

Livache makes the following further remarks in regard to
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his process :—The study of the action of certain finely divided

metals upon the drying oils has shown that the drying

power is considerably increased when lead is used, and

also in much smaller degree when copper is employed. The

other metals precipitated from solutions of their salts have no

appreciable action. On the large scale, oils with the maximum

drying power are made by means of red lead or litharge
;

manganese is preferred in the form of borate. These facts

have led to endeavours to introduce into the drying oils

either the manganese compounds or the different metals, the

action of which is to be investigated, without using them in a

condition of the finest division. This object may be accom-

pHshed by treating a drying oil, made by the ordinary

process or by means of finely divided lead, with the solu-

tion of a salt which produces an insoluble lead salt by double

decomposition. For example, if linseed oil which has been

treated with metallic lead, and thus contains that metal in

solution, be treated with an aqueous solution of zinc sulphate,

an oil results which no longer contains lead, but in which the

presence of zinc can be clearly shown. Similarly, by using the

sulphate of manganese, copper, etc., an oil is obtained in

which the lead has been replaced by manganese, copper, etc.

In this manner numerous experiments were made ; the results

obtained in regard to drying power are as follows :

—

If an oil, which has been treated with lead, dries on glass

in 24 hours, another portion of the same oil, in which

the lead has been replaced by manganese, dries in 5 to 6

hours. If the lead be replaced by copper the oil dries in

30 to 36 hours ; by nickel, iron, chromium, etc., in 48 hours.

In treating the oil, under the conditions given, with solutions

of salts, such as manganese sulphate, an emulsion is obtained

•from which the oil separates very slowly. Towards the end

of the operation the oil must be gently heated to facilitate

the separation. In order to avoid this inconvenience, Livache
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added powdered manganese sulphate to the oil treated with

lead, and obtained an oil which, after treating for some time

at the ordinary temperature, possessed extraordinary drying

power and was obtained clear by a simple decantation. Thus

the same result was obtained by the use of dry salts, but the

oil contained not manganese alone, but lead also. How is

this process to be explained ? When raw linseed oil is

treated with solid manganese sulphate no increase of drying

power is obtained, although the oil has dissolved a certain

quantity of the salt. But if an oil is taken which contains

dissolved lead, a double decomposition occurs, the lead is

replaced by manganese and an insoluble lead salt is pre-

cipitated. The process is similar to that which occurs on

the large scale when manganese borate is allowed to act.

Whatever process be used to introduce a manganese salt into

a drying oil, the product dries in thin layers, as we have said,

in 5 to 6 hours ; if thick layers of dried oil be required,

the operation requires months at the ordinary temperature.

The oil may be thickened by destroying the skin as soon as it

is formed, and thus allowing the air to have continual access,

by which means the oxidation proceeds, but complete

solidification is attained only with difficulty. When heat is

applied the action proceeds more rapidly, but always requires

a long time to reach the condition of complete solidity.

The practical value of Livache's process for producing

boiled oil or a " good drying linseed oil," which makes it

entirely suitable for manufacturing purposes, has not hitherto

been sufficiently appreciated. The incomplete accounts of

the process which have appeared in various periodicals do

not seem to have borne fruit. Yet by this process it is

possible to make linseed oil of good drying properties, which

not only dries rapidly, but also always dries in a certain time

—which depends upon the quantity of driers—when applied

in layers of the same thickness, whether the atmosphere
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be moist or dry, or the temperature 10° or 35° C. This

oil possesses, at the same time, another considerable advan-

tage over oils prepared by boiling, or rather, by heating : it

is merely linseed oil which has been made, by means of

the additions, capable of absorbing oxygen and drying

;

it has not been chemically altered by heating to a higher

or lower temperature with lead, manganese, or other

compounds. For this reason it offers, when dried in thin

layers, a far greater resistance to the destructive action

of the atmosphere than true boiled oil. Paints prepared

with this drying linseed oil, which has not been chemically

altered, are far more durable.

The defects, which the products of Livache's process are

supposed to possess, are their content of lead and a certain

stickiness, which does not completely disappear after long

drying. These defects have no real existence. In the first

place, the quantity of lead actually introduced into the oil

is very small, barely 0*25 per cent., since the greatest

quantity added is only 1 per cent., of which at most only one

quarter is dissolved, whilst the remainder sinks to the bottom.

In the second place, the softness, which is peculiar to all un-

boiled oils, may be readily removed by heating to 270° C.

before treatment, when the substances which prevent the oil

from hardening are separated. It should also not be forgotten

that the 0*2 5 per cent, of lead may be still further reduced

by treatment with another metallic compound. The objec-

tions, which have been recently urged against the lead

contained in boiled oil, are applicable only in those cases

in which the linseed oil has been overloaded with lead, or

in which lead compounds have been used, as, for example,

crystallised lead acetate, which may injure the oil by reason of

other compounds which they contain (acetic acid). Linseed

oil which has been boiled with 3 to 5 per cent, of lead

oxides, often at the much too high temperature of over

13
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300° C, and which contains, in the form of lead oleate, the

greater portion of the lead in those compounds, may be of

short durability under certain conditions, but the dvirability

of linseed oil cannot be increased or diminished by a quantity

of lead which is 0*25 per cent, at the maximum. For these

reasons alone, quite apart from the very simple method of

preparation, the author recommends the introduction of

Livache's method. If the linseed oil be heated to 270" C,

as previously mentioned, allowed to cool, separated from

the deposit, and then transformed by Livache's method

into a " good drying oil," coatings of the oil, with or without

a pigment, will dry ivell and hard, and will never be sticky.

Now, in regard to the practical application of this

process, objections have also been raised, based upon the

supposed complicated method for preparing tlie lead powder,

wdiich is not thought suitable for the large scale. One would,

however, think that such a simple chemical process as the

precipitation of a metal from a salt solution, washing and

drying, would never offer serious difficulties. The whole

operation is very simple, as we shall shortly see, and can be

carried out by an ordinary labourer without special super-

vision.

The production of the lead powder is divided into the

following operations : preparation of the lead acetate solution,

introduction of the zinc strips, and removal of the deposited lead,

washing, drying, and powdering. The lead acetate solution is

prepared by stirring 1 parts of crystallised sugar of lead with

70 parts of water. When solution is complete, strips of clean

sheet zinc about 10 cms. wide are hung in the solution, the

end of each strip being bent into a hook, which is hung over

the side of a vessel in which is the lead acetate solution.

Immediately the zinc is dipped in the liquid it becomes black,

and in a short time is covered with crystals of lead, which

drop off or may be removed by hand when present in
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sufficient quantity. Thus fresh surfaces of metal are pre-

sented to the lead acetate solution, the sheet becomes

gradually thinner, and finally (^uite disappears. Metallic lead

and a solution of zinc acetate have been formed. When the

zinc is dissolved, fresh strips of metal are hung in the liquid

;

they are renewed until all the lead has been separated from

the solution, which is the case when a clean strip of metal

dipped in the liquid does not become covered with the black

coating. The lead lying at the bottom of the vessel is now

collected, brought into a vessel with clean water, well washed,

fresh water added, and the washing continued until no

reaction for zinc acetate is perceptible. The water is then

poured off, the lead well pressed in the hands and/spread out

to dry upon a flat surface, which is best e^osed to the

action of the sun. The lead may also be completely dried in

a short time upon plates of gypsum or clay, which readily

absorb water. The dried lead is now ground to the finest

powder in a mill (" Excelsior Mill ") ; in this form it has the

greatest activity, it should be kept in well closed vessels.

Lead is converted into the form of powder for electrical

purposes by means of a jet of steam ; this product may be

used in Livache's process when the method of preparation

given above appears too complicated, which it in no way is.

In preparing lead powder on a large scale by pre-

cipitation from lead acetate solution, the solution of zinc

acetate obtained should not be run away, but should be

concentrated, evaporated to crystallisation, and the salt sold.

The cost of the process is then considerably reduced.

Now to consider the preparation of the drying oil itself.

In the first place, it should be observed that Livache added

the lead in the wet state to the oil ; the author's numerous

experiments have shown that this is not necessary, he

endeavoured from the first to avoid the use of wet, that is,

of freshly precipitated lead, well knowing the difficulty of
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brightening an oil which contains water in a state of fine

division. The desired result is obtained with dry lead powder,

but not with lead clippings or fine filings, which have no

action upon linseed oil.

The largest quantity of lead powder which is added to

the oil is 1 per cent., which is sufficient in conjunction with

other oxygen compounds to impart to the oil the greatest

attainable drying powder, that is, to make it dry hard in

thin layers in 5 hours. This, or indeed any quantity of lead

powder, has another action upon the oil in addition to im-

parting to it the capacity of absorbing oxygen from the air.

In contact with the atmosphere, in thin layers of about 2 to 3

cms. deep, the oil is considerably thickened, and also bleached

almost colourless in a very short time, often in a few days.

This property of the lead powder does not seem to have been

observed by Livache, at least there is no mention of it in his

communications, yet it is very characteristic. It is evident in

larger quantities of oil kept in loosely corked bottles, so that

even the dark oils, treated witli the largest quantities of lead

powder and other metallic compounds, thicken appreciably in

several weeks and become paler. There is no doubt that

light plays a very considerable part in the change.

The author's numerous experiments as to the quantity of

lead powder to be used have shown that larger quantities

than 1 per cent, are cpiite useless, and do not further increase

the drying power. This is again a clear proof that the limit

of the greatest drying power of linseed oil is well defined, and

that additions of substances, which transfer oxygen, beyond a

certain point have no effect upon the drying power, and

merely serve to overload the oil with metallic compounds,

which may injure the quality and durability of dried coats

of the oil.

If raw linseed oil, which has been tanked or heated to

270" C. and then separated from the deposit, be treated
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with 1 per cent, of lead powder for 24 hours with

frequent stirring (in the case of small quantities by shaking

in bottles) and then left to rest, the lead powder undissolved

by the linseed oil in the given time separates together with

certain impurities from the oil. The latter becomes pale and

clear, and dries in thin layers upon glass or iron in 24 hours

to a hard skin, which adheres well and is at the same time

quite bleached, so that even a pure white paint would show

no yellow tint. If linseed oil treated in this manner be

ground with pigments, the paint would dry in 24 hours

with an indifferent pigment ; in 6 to 1 8 hours with lead

pigments; and in 24 to 48 hours with those pigments which

are known to retard the drying of boiled oil. Smaller

quantities of lead powder than 1 per cent, produce an oil

which dries in a correspondingly longer time ; with less than

0*5 per cent, no difference can be observed from linseed oil

which has not been treated with lead. Thus there is a

minimum as well as a maximum for the quantity of lead

powder.

If there be added to the oil, along with the lead powder,

another metallic compound which is known to act as an oxygen

transferrer, e.g. manganous borate, chemically or technically

pure, or precipitated manganese resinate, the drying power

is considerably increased, which is due to the manganese.

Thus linseed oil treated with 0"75 per cent, of lead powder

and 0*7 5 per cent, of manganese resinate gives a product,

tolerably pale in colour, which dries quite hard in thin layers

in 9 liours ; with 1 per cent, of lead powder and 1 per

cent, of precipitated manganese resinate the oil is at first

comparatively pale, but darkens in a few days, its drying

power is considerably increased ; thin layers dry in 5 hours.

More rapid drying cannot be obtained in this manner or

by any method at present known. This is most clearly

shown by the liquid driers, which are made by boiling
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linseed oil with 60 to 70 per cent, of lead oxides and diluting

with turpentine, without which dilution a soft sticky mass,

drying very slowly, would result.

The following products may be obtained by modifications

of Livache's method :

—

1. Linseed oil drying in 24 hours.

2. Very pale, almost white, linseed oil.

3. Very pale thickened linseed oil, reaching to the con-

sistency of stand oil.

4. Linseed oil drying in 12 hours.

5. Linseed oil drying in 9 hours.

6. Linseed oil drying in 5 hours.

7. Thickened Hnseed oil drying in 5 hours.

The principle of the methods by which these 7

products are obtained is the same ; the very pale and

thickened oils require a further treatment, w^hich is still to

be mentioned. The author proceeds as follows :—Good

tanked linseed oil, or linseed oil which has been heated to

270° C, cooled and separated from the deposit, is well

mixed in the proportions, which will be given later, with the

lead powder and the other driers, which have been stirred

with a little linseed oil. An enamelled iron pan, a large tank

or some similar vessel, is used, in which the oil is stirred at

intervals of 1 hour during 24 hours by means of a stirrer

driven by manual or mechanical means. It is then allowed

to settle, so that it may become completely bright and clear,

for which 4 to 10 days are required, according to the

quantity; as a rule, 400 to 500 kilos, will brighten in a

tank in 4 to 5 days. In this process the temperature

of the oil, that is, of the room in which the process is

conducted, is important. An experience of many years has

shown that a temperature of 18'' to 20° C. is the most

suitable at which to effect the action of the driers upon the

oil ; higher temperatui-es do no harm, but have no appreciable
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advantage, whilst temperatures below 18° to 20° C. con-

siderably hinder the transformation and make the brighten-

ing of the oil unnecessarily prolonged. At favourable times

of the year a temperature of 18° to 20° C. will prevail in

most rooms, in winter the room should be warmed by steam

or fires, if rapid preparation of the oil is important.

The clearing process is considerably shortened if the oil

is filtered, for which purpose the tube-filter, originally known

as A. K. Stonner's, is suitable ; it delivers large quantities of

clear bright oil at a relatively small cost. In filtering that

change is completed, which is peculiar to this process, namely,

the darkening of the treated oil. All oils treated with the

lead powder and other metallic compounds differ little,

immediately after clearing, in colour from the original oil,

but on standing, under the influence of air and sunlight,

they become darker after a longer or shorter time ; in the case

of the oil drying in 5 hours, a product is obtained of a deep

yellowish-brown colour, which is regarded by many consumers

as a sign of " well boiled " linseed oil. This change proceeds

in filtering, and at the same time the oil acquires the peculiar

smell, which otherwise it would only obtain by long tanking,

and which indicates to the experienced observer whether the

oil has been boiled or prepared in the cold way. In the case of

linseed oil which has been previously heated to 270° C, this

smell does not develop, or not to the same extent. The

smell is in no case such as to hinder the use of the oil, and

is merely to be regarded as a characteristic sign of signi-

ficance to the experienced.

1. Linseed oil drying in 24 hours.

—

100 kilos, of tanked linseed oil, or oil heated to 270° C.

1 kilo, of lead powder.

If this oil, before it has settled, be placed together with

the lead powder in shallow open vessels, in a layer of about
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10 cms. deep, and exposed to the action of air and sun for

about 14 days, there is obtained—

2. Very pale, almost white, oil.—This oil may be used

for grinding the finest wliite paints : zinc white, white lead, or

permanent white
;
quite white coats will be obtained. The

bleaching process will continue without any further additions

;

in particular, the use of water is avoided, which causes much

loss in bleaching oils. The oil may also be bleached by

keeping in fiat glass bottles, but a longer time is then

required.

3. Very pale linseed oil, thickened to the consistency

of stand oil.—The preceding oil, like all those prepared by

Livache's process, thickens when exposed to the action of air

and light. The same thickening occurs with ordinary boiled

oil, and even with raw linseed oil, but it requires a very long

time, and does not take place to the same degree.

In order to thicken the oil which dries in 24 hours, it is

exposed in very shallow vessels in a layei 4 to 5 cms. deep

for aljout 8 days, any skin which forms being removed, so

that the air may have unrestricted access to the oil. The

thickening is almost visible from day to day ; when it has

proceeded to the desired extent, the process is interrupted, the

oil drawn off and preserved in tanks. To prevent dust from

collecting, insects from falling in, and the oil from becoming

dirty, the surface may be covered, at a distance of 4 to 5 cms.,

by a sheet of glass, or closely w^oven canvas may be stretched

across. Air and light have then free access, and the oil

remains clean. The thickened oil is very pale in colour,

thick, and of good drying power.

The three varieties of oil next following are treated by

Livache's process, not with lead powder alone, but with

metallic compounds in addition. All the manganese com-

pounds used as driers may be employed, the borate, acetate,

carbonate, etc., zinc sulphate, etc. The author has obtained



livache's process 201

the best results with manganese resinate, which is used in the

following processes :

—

4. Linseed oil drying in 12 hours.—
100 kilos, of tanked liiivseed oil, or oil heated to 270° C.

0*5 kilo, of lead powder.

1 "5 „ precipitated manganese resinate.

5. Linseed oil drying in 9 hours.—
100 kilos, of tanked linseed oil, or oil heated to 270° C.

0*75 kilo, of lead powder.

0'75 „ precipitated manganese resinate.

6. Linseed oil drying in 5 hours.—
100 kilos, of tanked linseed oil, or oil heated to 270° C.

1 kilo, of lead powder.

1 ,, precipitated manganese resinate.

All the operations proceed in the same manner with all

three oils, in the same time and at the same temperature.

There is no difference in the colour of the oils immediately

after they are bright. Under the action of light and air the

colour changes, the oils become darker ; the oil drying in 5

hours darkens most, the others less. This change of colour is

not due to the action of the lead powder, but of the manganese

resinate, for it occurs in the absence of the former substance.

The formation of a precipitate in the oil, generally known

as a " foot," is extremely small, and frequently, barely reaches

1 per cent.; it is rarely more than 2 per cent. Since the

manganese resinate dissolves completely in the oil, we may

assume with a fair degree of accuracy that the original

quantity of raw oil is obtained as boiled oil or drying oil.

But since the foot may be used together with the oil in

grinding paints, there is really no loss in the process, which is

to be regarded as the simplest and cheapest of all known

methods for preparing boiled oil.

In the course of time, especially when air and light act
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without obstruction, the oil which dries in 5 hours undergoes

a change ; it becomes appreciably paler, finally even paler

than the original raw oil, and becomes so thick when exposed

to the air that it is converted into

7. Pale thickened linseed oil drying in 5 hours.—
This oil is made in the same manner as the oil described under 3.

Tliis, the author's, practical experience of the use of

Livache's method in preparing boiled oil is first published

in this place ; the author hopes that it will be appreciated

as its advantages deserve.

The preparation of " boiled " linseed oil by means of

ozone and electricity.—In view of the increasing applica-

tion of electricity in chemical industries, it is hardly surprising

that it should be used for refining the drying oils and preparing

boiled oil, for which purpose ozone is destined to play an im-

portant part. More than 1 5 years ago Schrader and Dumcke

found by a number of expei'iments that it is only necessary to

act with ozone upon raw linseed oil for a short time in order to

bleach and thicken the oil simultaneously. The bleaching is

completed when the ozonised oil is afterwards exposed for a

day to the action of air and light. The " varnish " resulting

from raw unbleached linseed oil is said to be water-white and

to dry well ; it is rapidly obtained in the cold without loss or

danger. The gas is aspirated or forced through the oil in

suitable vessels ; any source of ozone which gives a good yield

may be used. Later, Graf & Co. took out a patent for the

manufacture of boiled oil by means of ozone ; suljsequently

there have been several proposals to introduce ozone and the

electric current into the manufacture of boiled oil, some of

which will be given in detail. In ozonising, the current of

ozone is simply led through the oil contained in a suitable

vessel. When oil is treated by the electric current, it is

emulsified with water or acidified water, and kept in con-

tinual movement. The two poles of the electric circuit are
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separately inserted in the liquid through which the current

then passes. The firm of Siemens & Halske has repeatedly

equipped such installations in Germany and Austria.

Process and apparatus for producing ozonised air on

the large scale.—This process, due to E. Fahrig of London,

for preparing ozone, or rather ozonised air, on the large scale,

depends upon the fact that air, whicli is to be strongly

ozonised, should (a) be quite pure, (b) contain much oxygen,

(c) be absolutely dry, and (d) cooled. Air prepared in such a

manner can only become completely ozonised when the silent

discharge passes through it in a highly uniform manner.

According to researches and observations, a very con-

stant electric current is required to produce ozonised air of

regular and high efficiency. The methods and apparatus

previously used for the preparation of ozone are in no way

sufficient, since they do not fulfil these requirements ; thus air

ozonised in an absolutely uniform manner can never pre-

viously have been used on the large scale. The new process,

which satisfies all requirements, is conducted in the follow-

ing manner :—
^Atmospheric air is agitated by some suitable

arrangement, and then led to a compressor, pump, Eoot's

blower, or some similar apparatus, which takes in the air

and forces it under high pressure into a system of pipes.

The latter conduct the air first to a filtering apparatus, which

is made to answer a double purpose : on the one hand, mechan-

ical impurities, such as soot, dust, particles of coal, etc., are

completely removed ; on the other hand, by the separation of a

portion of the valueless nitrogen, the air proceeding from the

filtering apparatus is made considerably richer in oxygen.

By decreasing the quantity and pressure of the air the

quality is considerably raised ; it becomes about 2 per cent.

richer in oxygen than before. The purified and enriched air,

which is still under sufficient pressure, then goes to a heating

apparatus, where it is strongly heated, thence to a drying
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apparatus, where the air is given a preliminary drying hy means

of calcium cliloride, pumice and strong sulphuric acid, etc.

The residual water vapour is withdrawn in a second drying

apparatus containing dishes of strong sulphuric acid. The pure

and quite dry air is then heated, well cooled, and brought to

Fig. 27.—Apparatus for tlie Production of Ozouised Air.

Diagram of tlie Complete Ai)paratus.

about 4° C. It is now in suitable condition to be ozonised,

and to be converted by the action of tlie silent discharge into

a uniformly ozonised product.

The ozonising ap})aratus consists of several cliambers, in

which the air is allowed to expand and then again com-

pressed, so that finally, under tlie action of the silent

discharge, it is comjJetely ozonised. The process for the
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production of high-tension induction currents of great uni-

formity is also noteworthy. Euhmkorffs coils are not used,

as has been customary, but transformers of special construc-

tion, excited by an alternating current dynamo. By this special

arrangement it is possible to obviate the objections to the

induction coil, which were previously regarded as unavoidable.

The separate parts of the apparatus, which is shown complete

in Fig. 27, will now be described.

A is an apparatus in which the air is thoroughly mixed
;

it consists essentially of an

arrangement of wings which

can be put in rapid rotation,

making the air pure and

richer in oxygen. The air is

then taken by a compressor,

or Eoot's blower B, and forced

under high pressure into the

pipe C, which leads it to the

filter D. This filter is shown

in section in Fig. 28 ; it con-

sists of a chamber E, in which

the air is forced through a

peculiar filtering arrangement

El. This arrangement con-

sists of several layers of velvet stretched at intervals and im-

pregnated with a solution of albumin. The albumin creates

a membrane with fine pores, which acts in a peculiar

manner upon the air in its passage. In the first place, it is

clear that solid impurities will be retained, and gaseous con-

stituents only will pass. The filter cloth also exerts an

action upon the gases which compose the air, a separation

occurs, the enriched air escapes through the pipe F under a

pressure which is sufficient to carry it through the succeeding

apparatus with a definite velocity. Air richer in nitrogen

Fig. 28.—Apparatus for tlie Production

of Ozonised Air. Section through

the Filter.
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and containing all the impurities escapes at G. The increase

in the proportion of oxygen in the air is due to the difference

in the rates of diffusion of gases, which depend upon the

densities of the individual gases. Air very rich in oxygen is

desirable in this process ; the number and dimensions of the

individual filter cloths must be arranged accordingly. The

outlet G must possess a certain resistance, otherwise the

whole of the air would escape and none be carried forward

purified.

The purified air, rich in oxygen, is now led into the appar-

atus H, heated in the ordinary manner by means of a steam

coil ; the air may also be heated by other methods. The

moisture in the heated air is then withdrawn by means of

calcium chloride or pumice and sulphuric acid. The drying

is completed in the chamber J, which contains dishes filled

with strong sulphuric acid, arranged as shown in Fig. 27 so

that the air always impinges upon the surface of the acid, flows

along it, and then reaches the next dish, which it passes in the

same manner. The air leaving this chamber, completely dry

and still hot, is then cooled in a long system of pipes L to about

4° C, whence it passes to the ozonising apparatus P P^ P^ P^,

where it is subjected to the action of the silent discharge.

The parts of the ozonising apparatus are joined together in such

a manner that the air may pass through two or more at the same

time, and thence into the last two parts, which it traverses in

succession. The number of similar parts arranged in parallel

may be varied, but after these not more than two should be

placed, since experience has shown that further ozonisation

does not occur, but rather that the ozonised air loses activity.

The difficulty, previously mentioned, of providing the

high tension induction current necessary for ozonisation,

is overcome by employing an alternating current dynamo

M, excited by the constant current dynamo N. The

former supplies a uniform current to the transformer 0,
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which by its peculiar construction, especially in regard to

the use of masses of iron, can neither become heated nor

produce a current of higher ten- ^
sion than is necessary for the

purpose.

The current produced in this

way is utilised in the ozonising

apparatus P P^ P^ P^ shown

in Fig. 29, in which P and P^ are

in parallel, and thus simultane-

ously traversed by the air, whilst

P^ and P^ are in series, one after

the other, and thus cause to a

certain extent compression of the

air passing through them.

The single parts of the ozonis-

ing apparatus (Fig. 30) are so con-

structed that the silent discharge

acts from the greatest possible

surface and in the most uniform

manner. The luminosity in the

apparatus, which can be observed fig. 29.—Apparatus for the Pro-

through spy holes, has different '^"''tion of Ozonised Air. Ozon-

shades, according to the stage

of the ozonisation. Thus

the process can be followed

and controlled by altering

the current of air or the

strength of the charge. The

ozonised air passes through

the pipe Q into the gas holder

E, in which it is collected

over water covered by a layer FiCx. 30.—Apparatus for the Production

e -1 of Ozonised Air. Ozoniser.

ising Apparatus.
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The advantage of this process consists, in the first place,

in the production of air extremely suitable for ozonisation,

characterised by complete purity and dryness and a high

proportion of oxygen. Further, the preparation of ozone by

this process does not necessitate the use of oxygen, but air,

even if impure, may l)e used. The prol;)lem of the continuous

production of a constant induction current of very high

tension has been solved in a remarkably simple and success-

ful manner.

Process of Miithel and Liitke.—In tliis process the

drying oils are treated with gases, or mixtures of gases, which

have been previously subjected to the action of electricity

—

highly oxidised and easily decomposable oxygen compounds,

which at a low temperature are decomposed into nascent oxygen

and lower oxides. The oxygen then oxidises the fatty acid

compounds with which it is in contact. The following gases

may be used in this process : a mixture of equivalent volumes

of chlorine and steam, sulphur dioxide with air or oxygen in

excess or in equivalent quantities, sulphur dioxide and nitrous

acid, nitrogen and oxygen with steam, nitrous oxide with air

or oxygen.

Some one of these mixtures of gases is subjected in the

apparatus represented in the figure to the continued action of

a powerful, dark electric discharge, by which the oxidation is

carried to the highest point, if a sufficient quantity of the oxygen

compound be present. A definite formula cannot be given for

the product, since its chemical composition varies within wide

limits with the quantities of the gases acting upon one another.

For example, CU reacts with HoO producing 2HC1 + ; in

the action of upon SOg the two gases must be present in

such relative volumes that S^O^ may he formed.

It appears to be advantageous, in order to produce the

highest degree of oxidation, to allow the oxygen compound to

act in excess upon the oxidisable gas. The apparatus used
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in preparing the oxidised gas consists of a series of con-

densers, as depicted in Figs. 31 and 32, in which the gases

are subjected to a prolonged and complete action of electricity.

A dynamo is used to produce the current, in the circuit

the primary coil of an induction apparatus is introduced,

whilst the secondary coil is connected to the condensers,

Fig. 31.—Apparatus for Producing Drying Oil by means of Electricity.

Complete Arrangement.

which may either be in series or parallel, according to the

difference of potential used. The large scale apparatus is

shown diagrammatically in Fig. 31. From the boiler a main

steam pipe a goes to the engine ; two steam pipes, & and c,

are taken from a. Steam is led by & to the coil S in the

tank B, and heats the oil introdviced by the pipe e. At the

bottom of the tank B is a flat spiral tube D, perforated with

14
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numerous small holes, and forming the continuation of the pipe

g, which leads from the oxidising apparatus P, to which the

gas to be oxidised is conducted through h. Fig. 32 represents

an oxidising apparatus in detail ; it is constructed of glass,

and consists of two tubes, A and B, one inside the other,

fused together at x. A is closed below, and is contained in

the iron holder C, upon the cover of which it rests by a

projecting rim. The tube E passes through B and opens

into the space between A and B, through

it is introduced the mixture of gases to be

treated, which finds an exit at D, to pass

through the same process in a second,

third, etc. apparatus. The shaded parts

of the apparatus are filled with any

material which conducts electricity, and are

connected with the terminals of the induc-

tion coil by means of the wires + and —

.

The apparatus is represented only dia-

grammatically in Fig. 32. In the pan B
there are one or more paddle wheels C,

the axle of which is at x (Fig. 31), and

V - "~
^ Pl'^^J^ ^^^

passes throuo-h a stuffing box. The pro-
lor rroduciug Dry- i o o r

ing Oil by means of cess is practically Conducted as follows :

—

Electricity. Oxidis- ^ -^ j^^jf ^j^^^^ through c with the linseed
ing Apparatus. °

oil to be oxidised, e is then closed ; the

oil is next heated by the coil S to 60° to 80° C, and the tank

B then connected through d with the air pump, which pro-

duces in it a vacuum of about 73 mm. A dynamo supplies

current to the induction apparatus, which is connected with

the oxidising apparatus, whilst through the latter is passed, by

means of the pipe h, a mixture of sulphur dioxide with oxygen

and air in equal volumes. At the same time g is opened, so

that the gases, which have been highly oxidised in P, are

drawn through the linseed oil in a fine stream bv reason of the
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diminished pressure. The paddle wheel C, driven by the

engine, brings oil and gas into intimate admixture. By this

means the decomposition of the fatty acid compound is remark-

ably accelerated, and in a relatively short time a pale fluid oil

is obtained, which readily dries in the air to an elastic and solid

mass.- "With the same success is used a mixture of nitrous

oxide with air in the proportion of 2 to 1-|- by volume, or

even nitrous oxide alone is employed.

The use of the other gaseous mixtures already mentioned

is not excluded ; the object is always to produce, by means of

electric discharges, nascent oxygen or highly oxidised oxygen

compounds, which latter are decomposed only when they

come in contact with the hot oil.

The products of decomposition, mixed with a small portion

of unused gas, drawn away by the air pump, may either be

regenerated or simply led under the tire-bars of the boiler.

When the oxidation is finished, which is recognised from test

portions, the introduction of gas is discontinued, the stirrer

stopped, and after some time d is closed, whilst e is opened,

steam then enters, which first fills the vacuum, and then, / being

opened, drives the oil into the apparatus W, half filled with

slightly ammoniacal water, heated by the steam which passes

through the coil S' after leaving S. The oil rises through the

li(piid and is freed from adhering acid, it is then forced

through h directly into the storage tanks, if it is not thought

advisable to cool it previously.

Storage of boiled oil.—All boiled linseed oil, by what-

ever process prepared, is more or less turbid, owing to the

constituents of the oil (mucilage, albumin, etc.) separated

by the driers and also to the insoluble portions of the driers

themselves. In the case of litharge, red lead, undissolved

lead oxide, and metallic lead remain ; in the case of man-

ganese compounds, lower oxides of this metal ; in the case of

resinates and oleates, imdissolved portions of these substances.
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A turbid oil is not attractive to the buyer. For immediate

use the turbidity is of little account, since the foot is also

ground into paint. In order to obtain a saleable product,

boiled oil must l)e cleared, which is generally done by storing

in barrels or, l^etter, in large inicovered iron or wooden tanks.

The finished oil is brought as quickly as possil)le into the

storage vessels, the oils prepared l)y heating as hot as is

permissible, and there left at rest. The oil brightens

according to the quantity and to the temperature in the

storeroom in 8 to 14 days, the impurities settle to

the bottom, and the pure oil is either drawn away or

run off l)y means of a tap at a proper height in the

tank, and brought into vessels for storage or delivery.

Upon the bottom of the tank is found the foot, more or less

viscous, and often still containing oil. This deposit is col-

lected in vessels for the purpose, and left at rest ; after some

time clear oil rises to the surface, whilst the foot becomes

more and more compact, and no longer gives up fluid. This

by-product can be used in paint grinding and preparing

cements, and also in the manufacture of soap. By means of

powerful presses all the remaining oil in the foot may be

pressed out and the residue used as fuel, for which it is very

suitable.

All boiled oil, witli wliatever drier })repared, suffers

change on long storing. The alteration is not always the

same ; with the same oil different results are obtained, accord-

ing to the temperature and the varying action of air and of

light.

All oils obtained l)y heating produce a deposit on long

keeping, althougli they may l)e ([uite pure, (pute clear and

Ijright at first. The ([uantity of this deposit varies with the

nature of the oil and of the driers. Oil boiled with lead

gives, as a rule, more deposit, manganese oil less, oil prepared

with manganese resinate the least, and in the latter case the
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oil prepared in the cold gives still less. This formation of

deposit may take place to such an extent that more than a

quarter of the oil becomes thick and turbid, without any

clear explanation of the cause being possible. According to

Weger, the formation of a deposit is connected with the

decrease in drying power ; the manganese boiled oils prepared

by him were all bright, and had formed no deposit, or merely

a trace. Of the oils boiled with lead and manganese com-

pounds, those kept in closed vessels were bright, those in

open vessels were turbid ; the oils which had been heated

show^ed almost no deposit (this is contrary to the author's

experience). Oils prepared in the cold give less deposit

when kept in open vessels than in closed. Weger deduces

the connection between formation of deposit and decrease of

drying power from the fact that manganese oils do not

appreciably diminish in drying power and form no deposit,

whilst lead oils, which form a foot, dry less rapidly in the

course of time. The heated lead-manganese oils form less

deposit than those prepared in the cold, and also decrease

less in drying power. There are, however, other influences

to be considered, in particular the result of excessive oxidation

by the air, since of the heated lead-manganese oils, which

always form little deposit, those kept in open vessels decrease

more in drying power than those protected from the air ; and

of the oils prepared in the cold, those which form more

deposit decrease less in drying power than those forming a

small deposit. From this Weger concludes that a more

stable incorporation is obtained by gentle heating than by

working at the ordinary temperature ; in the first case the

amount of deposit is smaller and the drying power diminishes

less than in the second. This inconvenience can under no cir-

cumstances be avoided completely with lead-manganese boiled

oils, they always decrease in drying power, whether made

cold or hot, pale or dark, and kept in open or closed vessels.
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There is, however, less decrease wlien stored in closed than in

open vessels, and less with oils ])repared hy heating than

those made in the cold. The formation of a deposit in boiled

oil during storage is a great inconvenience ; in order to avoid

delay in sale, it should not be kept in l)arrels upon the

ground, they should be placed upon stands, and the oil drawn

off into clean vessels for despatch.

Boiled oil also undergoes change in colour and consistency

during storage. According to Weger's observations, there is

no difference ])etween l)oiled (h1 kept in the light and in the

dark. The author regards this statement as correct only in

so far as it relates to a short time and to considerable quan-

tities, such as might be kept in large round glass bottles ; in

thin layers, as in flat l)ottles with a layer of oil 2 to 3 cms.

thick, and on long standing, all lioiled oil is l)leached, whether

made with lead or manganese. The oil made by means of

lead powder is bleached in a short time, even in thick layers,

although it may contain only traces of the metal. This is a

peculiar action of lead which appears to have escaped the

remark of scientific observers \i\) to the present. The effect

upon the bleaching of boiled oil kept in open vessels is under

all circumstances very considerable, whether in the light or

in the dark, and in this case again the oils prepared

in the cold with lead powder and manganese resinate may

1)6 so far decolorised on very long standing that the oil

becomes almost colourless. Simultaneously with the bleach-

ing, a thickening of all boiled oils occurs, and this is the more

considerable the greater the surface exposed to the air.

Acc(jrding to AVeger, heat has no effect here, but will naturally

assist the change. He regards the alteration as entirely due

to the action of oxygen and not of light also: all boiled oils

kept in closed vessels preserveil their fluidity. On the other

hand, the lead-manganese oils stored in open vessels for a long

time thickened very considerably ; only two of the manganese
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oils, which were kept for a short time, were observed to thicken.

Frequently an intentional admittance of air to boiled oil is

unnecessary" to produce thickening, the air in a half-full bottle

is often sufficient to thicken the oil considerably. A skin

forms under which the thickening proceeds, so that finally

quite a viscous product is obtained. All these observations

concern boiled oil kept for a long time, months, not weeks

;

after a lengthy period the alteration is perceptible to the eye.

The smell of boiled oil also undergoes a change ; on long

storage it becomes at once rancid and ethereal. The causes

of the change and the reactions which occur have not yet been

further investigated. The alteration in odour is particu-

larly evident in a short time in the case of the oils treated

with manganese resinate and lead powder in the cold. All

such oils smell distinctly of raw linseed oil immediately and

for many days after they are made, and even for months if

they are kept in closed vessels, but if they are exposed to the

action of the air, or filtered through filter paper or a tube-

filter, the odour immediately alters. The smell is now so

peculiar and characteristic that it serves to distinguish such

oil, made in the cold, from that made by heating. The oil

darkens simultaneously with the change in smell ; the colour,

which was originally, after preparation, and even after

standing 8 to 10 days, but little darker than that of raw

linseed oil, at once deepens on filtering and exposure to air,

and the oil becomes as dark as an oil boiled for a long time

with litharge.

The " boiled " oils prepared with liquid driers, simply by

mixing the two fluids, change in a shorter time, and more con-

siderably than the boiled oils made by means of solid driers.

Whether the liquid driers consist of solutions of linseed oil

lead plaster in turpentine, or of resinates of lead and man-

ganese in linseed oil or turpentine, makes little difference

;

both solutions produce in linseed oil, on long standing,
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a fairly considerable quantity of deposit of whitish or

yellowisli colour, often gritty and friable, whilst the deposit

formed in other boiled oils consists of fine soft particles.

Frequently boiled oil made with liquid driers separates com-

pletely into two layers, a solid portion at the bottom of the

vessel and an upper liquid portion, pure and bright.

In the oil made by the modification of Livache's method,

after brightening, completion of the process, and exposure to the

action of light and air, there occurs no further formation of foot

or separation of driers (lead or manganese compounds). The

oils, however, thicken and bleach in such a manner that, since

the short duration of the process does not permit the separa-

tion of solid particles, only a pale oil remains, thick and of

good drying power, and frequently somewhat opalescent.

Properties of boiled oil.—The properties which the

consumer requires in boiled oil intended for use in paint and

for coating wood, masonry, and metal (generally iron) are com-

prised in—(1) Consistency
; (2) Colour

;
(3) Smell

; (4) Taste
;

(5) Clearness; (6) Drying power; (7) Purity, that is, freedom

from foreign substances—rosin, rosin oil, mineral oil, boiled

oil substitutes, and other vegetable oils. In the following

pages these characteristics will he described as briefly and

precisely as possible. Altliough few users of boiled oil would

test it by taste, yet this property affords an excellent method

for recognising quickly certain impurities—rosin oil, mineral

and fish oils, so that it will not be omitted.

(1) Consistency.—Good boiled oil, in w^hatever manner pre-

pared, should be but little more viscous than raw linseed oil,

otherwise it would not be Ruital)le for forming thin coats of

paint, and would have to be diluted with turpentine. In

former years consumers laid great importance upon the thick-

ness of l>oiled oil, which they regarded as a guarantee of a good

drying and well boiled oil ; more recent experience has shown

that such thick oils have experienced a more or less deep-
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seated decomposition, since they have been lieated for too long

a time and at too higli a temperature. Such oils never

produce quite hard coats, are applied with difficulty, and

must be diluted with turpentine. All boiled oils made by

Livache's method, and at temperatures not above 150° C, are

thin ; those which have been boiled for a long time, and at a

high temperature, are, on the contrary, thick.

(2) Colour.—The colour of boiled oil depends upon the

method of preparation, the temperature used, and the nature

of the driers ; it varies from the pale yellow of the palest

boiled oil, through red to reddish yellow and, finally, reddish

brown, but should never be dark brown or black, which

last colours denote the use of too high a temperature. Oil

boiled by means of steam is paler than that made over the

fire. In general, oils boiled with manganese driers are of

pale colour, whilst litharge, red lead and lead acetate pro-

duce dark coloured oils. Blown or ozonised linseed oil has

generally a very pale colour. The duration and temperature

of heating in the preparation of the oil have considerable

influence upon the colour ; all oils heated with the driers for

a long time turn out dark. Boiled oil made by heating raw

linseed oil to 150° C. as a maximum, and adding the driers as

the temperature sinks, is always pale in colour. Frequently

consumers prefer dark boiled oil, believing that oil " boiled

well" and for some length of time with the driers must be

better and dry more rapidly than pale oil. In preparing

white paints and pale tints the colour of the boiled oil is

important, since white paint is required to be pure white, and

boiled oil gives it a yellowish or even brownish tint, which,

however, is of no importance to the colour of the dried paint,

since all boiled oil bleaches in drying, if light and air have

sufficient access. The coating remains yellow in the dark

;

but even very pale boiled oil, which contains much lead,

turns yellow in conjunction with white pigments, if light is
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excluded ; lead Ijoiled (nls should therefore not be used for

white paiut.

('.]) Smell.—The odour of good boiled oil recalls that of

raw linseed oil, but is at the same time empyreumatic, in this

respect resembling the vapours evolved when the oil is

heated. The odour of boiled oil made in the cold is peculi-

arly aromatic and ethereal, and an expert will at once be

able to decide as to the method of preparation by means of this

characteristic alone. The smell may be unpleasant, but should

not be overpowering, still less may it have a similarity with

the smell of rosin or fish oils, which are used as adulterants

and can be recognised with certainty by other methods. If

the oil has been so strongly heated as to cause partial decom-

position it has a burnt and unpleasant smell, and a dirty

brownish-black colour.

(4) 2\(ste.—The taste resembles that of raw linseed oil,

but is more biting, bitter, and unpleasant ; adulteration with

rosin or fish oils is most rapidly and easily recognised by

means of the taste.

(5) Clearness.—All boiled oil, whatever its colour, must

be quite clear, and in thin layers transparent ; it should

contain neither turbidity nor solid particles. Turbidity is

generally due to insufficient storing ; if oil is not clear

it should be left at rest in a moderately warm place for at

least 14 days, when it will brighten if it is not adulterated

with rosin oil ; from the quantity of the foot it may be decided

wliether tlie oil had been previously sufficiently tanked or

not. Every boiled oil, however bright, gives a further deposit

on long standing, the quantity of which should not exceed

0'25 per cent, after months, an amount which need not be

considered. Frequently boiled oil is sent away a few days

after it is made, and when it has only partially brightened, it

will then reach its destination turbid ; it will clear after

standing 2 to 4 weeks, but the quantity of foot may reach
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7 per cent. ; such an oil is to l)e regarded at least as unsatis-

factory.

(6) Drying 2^ower.—The drying power is one of the prin-

cipal characteristics of good boiled oil. In an earlier chapter

the oxygen absorption of boiled oil and the drying process have

been treated in detail ; the remarks in this place are restricted

to general requirements in this respect.

Every boiled oil must dry, when spread upon glass or

metal, in 24 hours at the longest, to such an extent that the

finger slightly adheres, but does not stick. Boiled oil is

made to dry in 5 to 6 hours, in 1 2 hours, and in 1 8 hours, but

should never require more than 24 hours ; when longer time

is necessary the oil cannot be regarded as satisfactory. If

pigments be mixed with the oil and the paint applied in a

thin layer, the drying may be accelerated, as by white lead and

red lead ; may remain normal, as with indifferent pigments ; or

may be diminished, as by soot blacks, etc. Boiled oil is best

tested by spreading it out in a thin layer upon a sheet of

glass or of polished metal. The layer must dry as above

given in 24 hours ; it should be no longer sticky, but it

should not be required to be hard, for the hardening of

unmixed boiled oil is simultaneous with incipient decay.

On the other hand, boiled oil must become hard when used

with pigments, and should not be soft, presupposing that the

paint has been made in the proper proportions. Boiled oil

made in the cold, whether with liquid driers or with soluble

driers, produces a somewhat softer coating than when made by

heating, but gives a more durable coating of paint, because

there has been no decomposition of the linseed oil, such as

takes place by heating at high temperatures. In former

times, when different views were held in regard to the for-

mation of boiled oil and the drying process, products made

simply by mixing with liquid driers w^ere not regarded as

boiled oil, for " in the preparation of boiled oil higher tem-
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perature and the introduction of oxygen, wliether by the

action of air or the reduction of added metalhc oxides rich

in oxygen, are al^sohitely necessary." This opinion is now

obsolete ; any " linseed oil made active," by whatever process,

is regarded as " boiled " oil.

(7) Purity.—(Freedom from foreign substances—rosin oil,

rosin, mineral oil, and boiled oil substitutes). Of every boiled

oil brought into the market purity should be expected, if the

price does not ii jjriori show that it must be adulterated. As

adulterants are much used : rosin oil, rosin, mineral oils (especi-

ally deljloomed), and the different boiled oil substitutes, which

are generally made upon the basis of rosin or rosin oil.

Eecently blown (oxidised) mineral oil mixed with petroleum,

or petroleum ether, has been brought into the market as a

boiled oil substitute. All these adulterants, as is show^n in

detail in another place, considerably affect the drying of

linseed oil, and naturally also its durability. Boiled oil

mixed with rosin and rosin oil, and even with small quantities

of mineral oil, indeed dries, but remains soft, becomes sticky

by the heat of the hand, and soon perishes on account of

its softness. Boiled oil containing large quantities of mineral

oil dries fairly normally, but the mineral oil separates on

the surface ; boiled oil containing fish oil does not dry at all.

All these additions are objectionable.

Hurst gives the following methods for ascertaining the

purity of boiled oil :—Boiled oil has a specific gravity of 0'941

at 60° F.
; its flash point lies above 500° F. The flash point

is determined in the same manner as given for raw linseed oil

(p. 6G): at times boiled oil is adulterated with the heavy mineral

oils, wliich have a high flash point ; these are recognised as

follows:— 10 grms. of oil are brought into a beaker with a

little water and caustic soda solution, and the mixture heated.

The linseed oil is saponified, whilst the mineral oil remains

unaltered ; a large quantity of warm water is added, and the
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whole transferred to a separating funnel, petroleum ether is

added, and after shaking the mixture is allowed to settle.

Two layers form, the lower an aqueous solution of the linseed

oil soap, the upper a solution of the mineral oil in petroleum

ether. The lower layer is drawn off, warm water again

added, the funnel shaken, and the mixture allowed to separate.

After drawing off the lower layer a further quantity of warm

water is then added, the mixture shaken, and again allowed

to separate. After drawing off the watery layer this washing

is repeated until the ether layer is quite clear ; it is then

brought into a weighing glass, the ether evaporated on the

water bath, and the residual oil, which forms the adulterant,

weighed.

In practice, on the part of the consumer, it is frequently

required that boiled oil shall dry in a certain number of

hours ; and in the same way, on the part of the manufacturer,

it is definitely maintained that the oil dries in a certain

time. The former demand is unfair, the latter statement is

of no account, since in both cases a definite place and similar

conditions of atmosphere, moisture, air currents, temperature,

etc., must be presupposed. A boiled oil which dries on one day

and in one place in, say, 10 hours, may require only 8 hours

on another day in different weather, and again may require

12 to 14 hours on a third day. A boiled oil which requires

7 hours in one place may require more or less time on the

same day in another place. In addition, there is another

point to be considered in regard to the drying of boiled oil,

or of the paints made from it. Boiled oil is rarely used alone,

the pigments with which it is mixed influence the drying

;

thus all lead pigments, especially white lead and red lead, in

less degree chrome yellow and chrome red, considerably assist

the drying ; whilst zinc white, the earth pigments to a greater

extent, and the soot blacks to the greatest, retard the drying.

Thus, in spite of using the same boiled oil, paints may require
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quite different times to dry, depending upon the chemical

nature of the pigment. Consequently, no practical purpose is

served when a consumer re(|uires that boiled oil shall dry

in X hours, or when a manufacturer puts his oil upon the

market as drying in y hours. In each case a fairly consider-

able margin must Ije given to allow for the above-mentioned

influences of atmosphere, moisture, temperature, and pigment.

A definite statement is also not permissible, because the

principal factors, light, temperature, and moisture, cannot be

regulated at will. In order to obtain an accurate compar-

ison of the drying of boiled oils, the different samples must

be exposed, in layers similar in every rcsiject, at the same

time and near one another, to exactly the same conditions of

air, moisture, light, and heat. Accurate results can then be

obtained
;
the comparison of layers drying at ditl'erent times

and under other conditions is quite useless.

In order to obtain accurate results with paints, the same

pigment must l)e mixed in the same proportion with the oils

under examination, and the layers must he as similar as 2J0Ssihle

and exposed at the same time near one another.

In regard to statements as to the time of drying of boiled

oil, AVeger remarks : These figures cannot be regarded as

absolutely definite, but must either be taken as liable to vary

within wide limits or must be expressed as a ratio in comparison

with a standard oil. This standard is obtained in the most

simple manner by preparing it afresh each time with a definite

(juantity of driers, or a boiled oil is chosen which is certain to

form no further deposit and not to decrease in drying power.

Manganese resiuate is the most suitable drier for this purpose.

This substance is dissolved in 2 to 4 times the quantity of

linseed oil, the solution filtered and finally made up to a

certain definite percentage of manganese, say 1 per cent, of

Mn. Of this solution a certain volume, say 10 per cent., is

added to a normal linseed oil—the most difficult condition.



CHAPTER V

THE PREPAEATION OF VARNISHES FOR LETTERPRESS,

LITHOGRAPHIC, AND COPPER-PLATE PRINTING; FOR

OILCLOTH AND WATERPROOF FABRICS

In the manufacture of the various printing inks, of oil-

cloth, leather cloth and similar substances, of waterproof

materials, and of linoleum, linseed oil is practically the

only drying oil employed. Walnut oil is used in very

small quantities, and perhaps wood oil alone has the prospect

of finding extensive use in the place of or together with

linseed oil. In the manufacture of all the products men-

tioned a substance difl'ering essentially from ordinary boiled

oil is required. The linseed oil or varnish employed must

be syrupy and viscid. In the case of varnish for printers'

purposes this condition is requisite, since a thin ink, or an ink

ground with thin varnish, could not be printed, it would

lack the necessary adherence—would be " short/' and run oft'

;

in addition, thin varnish, when brought on to paper or other

materials upon which it is occasionally used, produces grease

marks, and the print would thus be unreadable. The varnish

intended for printers' use, whether for letterpress, lithographic,

copper or zinc-plate printing, for black or coloured inks,

should also contain no driers. The inks are applied in such

an extremely thin layer that they dry at once, being assisted

by the absorbent nature of the paper, do not spread, and

leave no oily edge round the printed letters. This rapid
223
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drying takes place in spite of the long time which the same

ink would require to dry, if applied in layers of a thickness

equal to that of an ordinary coat of paint. If driers were

added in any form to varnishes intended for printing, there

would be danger that the paper would adhere to the type

and tear. The essential properties of a printing ink are given

below ; they are based principally upon the nature of the

varnish, if we neglect the pigment and the properties it

implies.

1. The ink must be a completely uniform syrupy liquid

(for letterpress or lithographic work). It should contain

neither skin nor other impurities which might be introduced

by the varnish, nor yet small grains of uuground black.

2. It must be of the proper strength (strong, middle, or

weak) ; it nuist be suital )le to the press (machine or hand)

and nnist be readily transferred from the rollers to the type.

3. It should not clog up the type, and must w^ash off readily.

4. It should not dry too rapidly or too slowly, but

in a definite time : in the former case it would dry upon

the paper and type during printing, the paper would adhere

to the type, would tear, and thus make further printing

impossible ; in applying the ink to the type, pieces would be

torn out of the roller and would stick to the forme, an

accident which cannot be allowed to happen. On the other

hand, the ink must not dry too slowly, otherwise the printed

sheets could not be taken off, folded, and sent away, which

would be especially inconvenient in the case of newspapers.

5. "When the ink is dry the colour should not rub off,

otherwise the sheets in a pile would print off on one another

and make reading impossil)le, also the hands of the reader

would be soiled by the black ink, wliich lias often been a

trouble with newspapers.

6. The ink should have no strong smell, or the smell

should disappear as the varnish dries.
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7. The ink should not " run " after the print is dry, i.e. oily

margins should not form round the letters. This should be

especially the case with letterpress inks ; it is not so important

in the case of newspapers, which are printed, read, and may

then be thrown away, although it should not occur even here.

Originally printers' varnishes were made exclusively from

pure linseed oil or walnut oil, which was heated to a

high temperature, almost to the flash point, when the oil

became thick to an extent depending upon the duration of

heating. For a number of years a different course has been

followed, and now, in addition to thickened linseed oil, rosin,

rosin oil, soaps, turpentine, tar oils, and even mineral oils

are used for varnishes intended for the lower qualities of

letterpress inks, especially for newspaper inks.

In the manufacture of oilcloth, leather cloth, and water-

proof materials, thickened linseed oil is used, either alone or

in combination with hard resins (copals). The fabric which

forms the base of almost all such products is first covered

with a priming layer, then follows the layer of paint,

made by grinding pigments with linseed oil thickened by

boiling ; finally, 1 to 3 coats of a composition are applied,

which essentially contains thickened linseed oil, together with

copal, driers, and a diluent (turpentine or benzine). These

relatively thin layers of paint and varnish are dried entirely

at the high temperature of 50"" to 90° C, according to the

nature of the material and of the colour ; on the one hand,

drying in the air would require too long a time, and, on the

other, the surface would not attain the requisite hardness, but

would be liable to stickiness. The higher the temperature in

the drying process, the more rapidly the various layers dry

and the harder they become. Although in this manufacture

considerable quantities of driers are used, yet they are not

indispensable ; for example, raw linseed oil treated with only

1 per cent, of a suitable metallic compound dries in a few

15
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hours at 50° to 60° C. Thickened linseed oil thus forms the

basis for the preparation of all the materials mentioned.

There are now several methods by which this substance can

be made : heating over the fire, heating with superheated

steam, and by blowing cold or hot air into linseed oil heated

to a lower or higher temperature.

In heating over an open fire, the flash point lies tolerably

near the temperature which is required for thickening ; the

linseed oil may thus very readily take fire, and it is necessary to

work with great care. In using superheated steam, the danger

of ignition is diminished, since the oil cannot run over into the

fire, and the temperature is uniform, so that overheating cannot

readily occur. The thickening of linseed oil by blowing cold

or heated air into the gently heated oil is absolutely with-

out danger, because a considerable rise in temperature does not

occur; the process may be carried out between 135° and 150° C.

Somewhat divergent views are held in regard to the

suitability of linseed oil, thickened in this manner, for the

preparation of the materials before mentioned, wdiich may be

generally designated w^aterproof materials. On the one hand,

it is maintained that the product is as good and as elastic as

the substance prepared by the " boiling " process ; on the other

hand, it is stated that the oil when applied soon becomes

brittle and the coating cracks. The. author's view is that the

latter evil only occurs when the oil has been unduly thickened,

so that it requires too much diluent (benzene, benzine, turpen-

tine) to be made capable of application—a condition which can

be readily avoided if care be taken in the thickening process.

In the linoleum manufacture two different processes are

used with linseed oil, which is thickened by heating or blow-

ing in air, or is converted into a solid friable mass, which

is then kneaded together with the remaining substances

employed in the composition. In the latest process, solid

substances : cork meal, wood meal, pigments, etc., are mixed
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with the Imseed oil and the mixture then exposed to a current

of hot air, by which the oil is then more quickly transformed

into a solid product.

In regard to the thickening of the drying oils, Livache

remarks :
" In whatever manner the drying power of the drying

oils is increased, there is obtained, under all circumstances,

a product differing little in consistency from ordinary linseed

oil. Frequently a thickened oil is required, either in order to

shorten the time of drying, or in the preparation of varnishes,

or finally, for priming coats, from which a thin oil might be

too completely absorbed by porous material. The simplest way

of thickening oil is to allow it to fall down from a certain

height in thin layers, exposed to the action of the air ; but

this process is very lengthy, and the oxidation difficult, even in

working at 50° to 60° C, because when the oil has thickened

to a certain extent it is no longer fluid enough to flow in a

thin stream. In addition, a portion of the oil adheres to the

surface upon which it falls, thickens or dries, and thus causes

a considerable loss when a quite solid product is not desired.

Finally, a skin forms on the oil when the thickening has

proceeded to a considerable extent. The skin prevents the

oxidation and thickening of the oil beneath it. Endeavours

have been made to increase the fluidity of the oil by adding

a suitable solvent. If, for example, equal parts of linseed oil,

boiled with manganese borate, and benzine are treated in

a closed vessel with air, a rapid absorption of oxygen takes

place, which is still more rapid at 40° to 50° C. If the air

be renewed by adding sufficient oxygen to produce complete

oxidation of the oil (at least 15 to 16 per cent, of the weight

of the oil) the mixture thickens, and when finally the benzine

is separated by distillation a sticky mass remains. If the

treatment with oxygen be carried still further, there is formed

linoxyn, which is insoluble in benzine, and is left as a dry

and very elastic substance when the solvent is distilled off.
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" 111 practice at the present time the oil is frequently

boiled 3 to 4 days at a temperature of 250° to 300° C. A
thick or " strong " oil is then obtained, which may be made

less viscid by the addition of a little linseed oil boiled 6 to

8 hours at 200" C. This boiling at such high temperatures

has the disadvantage that free fatty acids are formed, which

require a long time to oxidise and become solid. In England

and Germany it is preferred to boil the oil with steam or

heated air in pans of large diameter and small depth, so that

the air above the oil may be continually changed ; deep closed

pans are, however, also used. In certain works, especially

in Holland, no driers are added to the oil, but a current of

hot or cold air is led through it ; the product is of good

quality, but the operation is somewhat too lengthy.

" For certain purposes the Ijoiled and thickened oils are

stored in copper or iron tanks, which should be enamelled or

covered with a very thin plating of silver on the inside in

order to avoid discoloration of the oil."

The thickening of linseed oil for printers' varnishes, stand

oil, varnishes used for oilcloth and patent leather, is a process

of distillation conducted in the presence of air, to which Mulder

had already given attention.

All fatty oils are decomposed by heating above 250° C.

;

below this temperature they are little changed, above it the

change is greater the higher the temperature. The products

of the decomposition of neutral fatty oils, drying or non-

drying, contain acrolein, a decomposition product of glycerin,

thus free fatty acids must also Ije formed. If the neutral

oil contain palmitin, palmitic acid may be expected in the

distillate. When free palmitic acid is heated, it distils

partially unaltered, but is partially decomposed at higher

temperatures into palmitone, so that carbonic acid and water

are set free. Since palmitin occurs in linseed oil, among the

products of the dry distillation of this oil at a high temperatuie.
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carbonic acid, water, palmitone, palmitic acid, and acrolein are

to be expected. These substances are evolved when linseed

oil is boiled, and in larger quantity the longer the boiling is

continued.

By boiling linseed oil exposed to the air, boiled oil is first

obtained ; if the oil be further boiled at a high temperature

a soft mass forms on cooling, by further boiling it becomes

still thicker, and when brought upon paper produces no

grease spot. The vapours evolved from the oil in this

decomposition generally take fire, but this phenomenon is

not indispensable. When boiled beyond a certain point

linseed oil no longer dries, but becomes sticky or elastic. If

it is to retain its drying properties it must be heated until

the linolein begins to decompose (Mulder) ; when this occurs

boiled oil begins to pass over into varnish. Among the

first substances which are driven off on boiling are the de-

composition products of olein, myristin, and palmitin.

If linseed oil be heated until it becomes thick, and then

boiled with dilute nitric acid, it turns solid. The separation

of the anhydride of linolic acid from the glycerin is caused by

the nitric acid, so that the smell of acrolein becomes percept-

ible. Finally, the mass becomes like caoutchouc (according to

Jonas), it no longer sticks to the fingers, cannot be melted,

and is dissolved to an emulsion by carbon bisulphide. If

this caoutchouc-like mass be boiled in strong caustic potash

the two substances unite, but the former is not dissolved, and

acids again precipitate it. It is also dissolved by alcoholic

potash and reprecipitated by acids. In ether containing

alcohol it swells, dissolves in more ether, and is again pre-

cipitated by alcohol. It swells up in mineral oil, but is not

dissolved ; a large quantity of turpentine dissolves it.

Mulder examined the products of the dry distillation of

linseed oil ; an account of his work follows :—0*5 litre of

linseed oil was heated almost to boiling in a retort, provided



230 DRYING OILS

with a receiver, in a sand bath by a gas tianie. The retort and

its neck were filled with air, but the air did not become hot.

In the first 6 hours there distilled a mixture of substances

slightly coloured and quite fluid, with a smell of acrolein,

afterwards a white buttery mass came over ; the quantity

of the two together was oV of the oil.

In the second 6 hours the distillate was caught separately
;

it was a white buttery substance with a slight smell of acrolein,

equal in quantity to about 5 per cent, of the original oil.

The contents of the retort were now (piite thick.

In the third 6 hours the same buttery mass distilled over

at the same temperature, but in decreasing quantity, which was

finally so small that the distillation was interrupted after 36

hours. Distillation at a low temperature, below the boiling

point of the oil, by heating slowly for 36 hours to complete

the distillation of 500 grms. of oil, is necessary to obtain a

good result. The hydrocarbons are thereby reduced to a

minimum, the fatty acids of two of the glyoerides are obtained

in appreciable quantity, and no trace of carbon is perceptiljle.

The volatile portion is almost coloui'less.

We will now consider the residue in the retort, the char-

acteristic product of linseed oil, and apparently of all drying

oils, since it is the most important for our purpose. This non-

volatile portion is almost free from fats, yet, as a precaution,

it was extracted with ether to remove any residual fat, and

in fact some portion dissolved. The residue, insoluble in

ether, was dark in colour when seen in the mass, but in thin

layers appeared straw yellow ; it was very elastic, and quite

similar to caoutchouc. Elementary analysis gave the follow-

ing results :

—

Found. Calculated for

(I) (II) C,,H,A
C . . . . 79-1 79-2 79-0

H . . . . 11-2 11-2 IM
. . . . 9-7 9-6 9-9
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It is thus remarkable that the caoutchouc-like mass which

forms the residue of distilled oils is the anhydride of linoleic

acid, C32H54O3. This caoutchouc-like substance is converted

by nitric acid at the ordinary temperature to a reddish-brown

resin. Ammonia does not attack it, it remains quite in-

soluble ; in caustic potash solution it becomes suspended on

heating, and is quite dissolved on the addition of more water

to a clear colourless solution, from which hydrochloric acid

precipitates a substance, which after many hours appears as

a sticky layer upon the surface, soon changing to an elastic

skin.

For further examination the elastic skin was removed

from the surface of the liquid, washed with water, dried in

the air, and treated with ether. The ethereal solution gives

on filtering only traces of insoluble matter. When the

solution is evaporated a resinous substance remains, deep in

colour ; it was again dissolved in ether, and the solution

decolorised by filtering through animal charcoal. After

evaporation of the ether, the residue was dissolved in boiling

absolute alcohol, in which it was slowly taken up ; on cool-

ing it separated to a great extent as a coloured resin. In

external properties this substance differed little from the

original, it remained sticky even after many months' exposure

to air, and might thus be assumed not to be further oxidised.

From the commencement of the distillation a considerable

quantity of acrolein was evolved ; it was collected with the

volatile products, which at first formed a colourless liquid

partly soluble and partly insoluble in caustic potash solution.

The hydrocarbons and fatty acids which were formed were not

further investigated. The substances which were not vola-

tile below 100° C. consisted of several acids. The portion

which was volatile at the ordinary temperature was com-

pletely dissolved in a solution of sodium carbonate on heating,

carbon dioxide being evolved, a result which was not ob-
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tained if the linseed oil was not distilled at a very low

temperature.

The whole of the substances not volatile below 100° C.

were extracted with warm water until nothing more dissolved.

From this water a crystalline deposit separated, which was

again dissolved and recrystallised ; it was sebacic acid. The

acrolein which remained was already changed into acrylic

acid ; the liquid had almost lost the smell of acrolein.

If we examine the results of the dry distillation of lin-

seed oil at a low temperature (near the boiling point), we find,

as residue in the apparatus, linoleic anhydride, and as the vola-

tile distillate, acrolein (partially oxidised to acrylic acid),

sebacic, palmitic, and myristic acids.

The Manufactuke of thickened Linseed Oil (Burnt Oil,

Stand Oil) by Heating by Fire or by Superheated

Steam, and by a Current of Air

As we have already seen at the commencement of this

section, linseed oil may be thickened in various ways :

—

1. By heating over an open fire.

2. By heating by means of superheated steam.

3. By blowing cold or heated air into the oil at higher

or lower temperatures. The difference between the methods

employed for printers' varnish and for oil to be used in the

manufacture of oilcloth, waterproof materials, and linoleum,

is simply, that for the first purpose the oil is boiled without

driers, for all the others with driers. By the first process

there results by a relatively long operation a pale product, in

the second process in a shorter time dark well drying pro-

ducts are obtained. By blowing in air there is produced,

according to the temperature, pale or dark varnish, but

under all circumstances and by all three processes dark

varnish results when the heating or blowing takes place in



THICKENED LINSEED OIL 233

the presence of driers. Varnish of the same drying power,

but paler in colour, is obtained when the thickened oil is

allowed to cool to 130° C. and the drier then introduced.

The apparatus used in thickening linseed oil by boiling is

an iron pan, of greater depth than width, erected in such a

manner that the flames reach only half-way up the pan. The

upper half is heated neither by fire nor the fire gases. The

pan may be quite open, provided with a lid through which

the vapours are carried away by means of a flue to the open

air, or it may be quite closed, after the manner of a retort.

Several of these pans, as also the installation for blowing

air through oil, are described at the conclusion of this

section.

In order to produce thickened linseed oil by any of these

processes successfully, that is, within a reasonable time, it is

absolutely necessary to use good tanked oil and to subject it

to a prehminary operation before the real thickening. Any
linseed oil may be thickened by great heat, but there is too

large an expenditure of time and fuel, and the principle of

every process should be to reduce the cost to the smallest

possible limits.

Grood tanked linseed oil is brought into the pan, so that it

is filled to within 1 to 1 5 cms. of the edge ; it is then slowly

heated. At first the temperature is maintained at 130° to

140° C, when the oil froths, though this is not the case if it

is free from moisture. After about an hour, when the froth-

ing is over if it occurs, a very powerful fire is made and

the temperature raised to 270° C. The colour then changes

from yellow to pale green, and slimy lumps may form in the

oil, but should not in a good oil sufticiently tanked* When
this point is reached, the fire is allowed to die out and the

oil left at rest for 24 hours, so that all the separated matter

may sink to the bottom. The clear oil is then run or drawn

off and brought into a second pan, or, in case a second is not
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provided, into other vessels, the foot removed (to be used for

paints, cements, etc.), the pan carefully cleaned, and the oil

again introduced. A very powerful fire is now applied to

this prepared oil, so that in a short time a temperature of

270° to 300° C. is reached. Thick and pale linseed oil is

only to be obtained by rapid heating to the requisite tem-

perature ; slow heating produces a darker product, at the cost

of much time and fuel. AVhen the temperature reaches 300° C.

a more gentle fire is used until it reaches 350° to 360° C,

at which the oil is maintained during 1 to 2 hours. The

evil-smelling vapours which are evolved, which cause cough-

ing, are allow^ed to escape into the air or are drawn off by the

hood, let down over the pan, into the chimney or the open

air. After the lapse of 2 hours, during which the oil is at

360° C, the temperature is slowly and carefully raised to

375° or 380° C, above which it is not advisable to go, since

the oil may catch fire and continue to burn at a higher tem-

perature. This is the critical point in the preparation of

thickened oil, and demands care and attention. The time

during which the oil must be maintained at this temperature

varies from 2 to 4 hours, according to the nature of the oil

;

from time to time test portions are withdrawn and rapidly

cooled, in order to see whether tlie oil is sufficiently thick.

When a portion, taken between two fingers, may be drawn out

without l)reaking into sufficiently long threads, the process is

finished, then the tire is drawn, the doors opened, and the

high temperature of the oil reduced as quickly as possible in

order to avoid danger of fire. The time required to produce

oil of varying consistencies cannot be given, the test portions

can alone decide ; we can only state tlie general rule, that

the longer the oil is maintained at tlie liigli temperature the

thicker it becomes. If, in spite of all care, the oil should

take fire, the cover hung from the roof by chains (not ropes)

is let down, and by opening the fire doors and drawing the
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fire the oil is cooled ; the temperature must sink considerably

before the cover is again removed, since the sudden entry

of air to the hot oil might cause it again to take fire.

When the oil has attained the proper consistency it is

allowed to cool for some time and then brought into the

storage vessels.

In working with driers, and especially with those con-

taining lead, the oil rapidly darkens even at 240° to 250° C,

and on further heating becomes covered with a reddish-brown

skin, which must be carefully pushed back to the sides of the

pan or the oil will easily take fire. However, it is far more

advisable, in order to obtain a pale varnish of the same dry-

ing power, to thicken the oil without driers to the desired

consistency, and then, when the temperature has receded to

130° to 140° C, to stir in the driers. The varnish will

be far more durable, and remain elastic longer, if the driers

are not boiled with the oil.

In boiling oil in closed apparatus, whether by fire or

superheated steam, there is considerably less danger of fire.

Thermometers must be placed in the apparatus, so that the

temperature may be accurately known, and overheating

cannot occur.

The consistency of thickened linseed oil varies with

the purpose for which it is to be used. Printers require

varnish both thick and thin, as also the manufacturers of oil-

cloth and waterproof materials. In order to obtain a certain

consistency it will often be necessary to mix thick and thin

varnish. A consistence measurer is tlie best instrument for

an accurate determination of the consistency; such an instru-

ment, which is hardly required by the experienced varnish

boiler, is shown in Fig. 33. It measures the time required

for an air-bubble to rise througli the oil in a glass tube. A
cylindrical glass vessel, which may be closed by a carefully

ground stopper, is filled so far with the oil to be tested that
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an exactly measured volume of air remains between the

liquid and the stopper when tlie latter is introduced. The

glass cylinder is then turned upside down, and the time

determined which the air-bubble requires to rise from the

bottom to the top. The glass vessel consists of a tube a,

closed at each end by means of a glass stopper, and marked

at z\ a is attached to the axis h, with which it turns in

the framework by means of pins ; by removing the slides cc,

a and h may be taken out. The reversing movement is

stopped by means of the flaps e attached to the axis and the

roi

Fig. 33.—Stalil's Apparatus for Estimating the Degree of

Thickness of Oil.

projections g on the framework. Thus the glass vessel, after

it has been filled with the liquid to the upper mark z and

closed, may be rapidly and accurately placed upside down,

when the air-bul)ble will rise. The framework d is provided

with a plumb-line k and three levelling screws m, so that it

may be accurately placed in a vertical positi(jn, and with a

thermometer to estimate the temperature.

For thickening linseed oil by means of a current of

hot or cold air, the oil being hot or cold, the same

arrangements may be used as in boiling over the flre or by
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means of superheated steam. The pan should not be too

deep or the air current will lose a portion of its action

;

on account of the resistance which the oil offers to the free

passage of the air, when the pan is too deep the air may

not be able to overcome the pressure due to the height of

the column of oil. Thus, even when a powerful current of

air is used, the depth of the oil in the pan should not exceed

80 cms.

The thickening of drying oils by means of a current of

cold air is a tolerably simple operation, free from danger even

when high temperatures are used; however, 270° C. is never

exceeded, and generally much lower temperatures are used.

The process with heated air is somewhat more complicated,

and has no particular advantage ; the introduction of finely

powdered driers with the current of hot or cold air may be

regarded as purposeless, for the reasons previously given.

The driers may be introduced with the same effect when

the thickened oil has cooled to 130° to 140° C.

The simplest arrangement for blowing oil, which may be

introduced into any pan, is a ring-shaped iron pipe w^hich

rests by small feet upon the bottom of the pan, and communi-

cates by a vertical tube with the blowing machine. The

ring-shaped pipe should be 5 cms. in diameter, the holes

situated in the lower part of the pipe should be 0"5 mm. in

diameter. The entrance of air into this pipe may be regulated

by means of a tap. The exit holes for the air should be

pointed downwards, because, in spite of the great pressure of

the air produced by the blowing machine, an upward current

does not produce the desired effect in practice. The oil is

kept in violent motion by means of the downward current of

air, so that it rises in the form of spray above the edge of

the pan ; from holes in the upper surface of the rmg the air

might often not be able to reach the surface of the oil.

Bends in the pipe carrying the air should be avoided as



238 DRYING OILS

far as possible, so that the current of ak may be little

retarded ; when practicable, it should travel in a straight

line. The blower or fan must have sufficient power to

yield a sufficient quantity of air ; regard must l)e had to

the distance and the height of the column of oil to be over-

come. The pan itself should be provided with a removable

cover, which can be let down when the air is forced through

the oil, in order to avoid spraying or to return the oil to

the pan.

In regard to the operation of blowing itself, it is carried out

as follows :—The oil is brought in the pan to a temperature

of about 110'' to 120° C, the tap for the air supply is then

opened slowly and cautiously, so that the full pressure may

not come at once into the pan ; the quantity of air is then

regulated by means of the tap according to the effect ob-

served in the pan. The oil should not be thrown out of the

pan, but should form a spray above the surface. The tem-

perature is now somewhat reduced ; even if the fire should be

quite extinguished, only a difference of 15° to 30° will be

produced, since the friction produced by the passage of the

air through the oil develops heat. Thus, in order to blow at

110° to 120° C, the fire will require little stoking, and it is

easy to maintain the temperature at this height. The time

required to obtain an oil of syrupy nature varies greatly,

and may reach 2 to 4 days. At first, and even after Ih to

3 days, no change, or very little, can be observed in the con-

sistency ; towards the end of the operation, after the intro-

duction of considerable quantities of air, the alteration

becomes evident, and the thickening takes place rapidly. All

oils which are blown at a low temperature remain pale ; they

become even paler than the original oil, and, for example, may

be used for the finest white oilcloths. As the temperature of

the oil rises, the time required for thickening l)ecomes less,

but the oil darkens considerably. If the oil is ])lown together
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with the driers it thickens more quickly, but becomes very

dark. Thus, in order to produce pale thickened oils, the

blowing must be accomplished at the lowest possible tem-

FiG. 34.—Parnacott's Apparatus for thickening Linseed Oil

by means of a Current of Air. Vertical Section.

perature and without driers, and since the cost of fuel and of

power for the blowing machine or fan hardly comes into the

question when the installation is laid dowm, this method is

undoubtedly the best.

Fig. 35.-—Parnacott's Apparatus for thickening Linseed Oil

by means of a Current of Air. Plan.

Parnacott's apparatus for thickening linseed oil by

means of a current of air.—This apparatus, which produces

very thick boiled oil, used by Parnacott for linoleum, consists of

a boiling pan and blowing machine for driving hot air through
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the oil in the boiler. The fixed pan a (Figs. 34 and 35) is

covered by a conical hood, suspended from the chain e, carry-

FiG. 36.—Apparatus for thickening Linseed Oil by means of Hot Air.

Plan of the Heating and Blowing Arrangements.

ing the counterpoise d, and passing over the pulleys c^ and

Cg. It can thus be easily lifted. At the apex of the cone

is an opening, the aperture of which can be adjusted by

Fig. 37.—Apparatus for thickening Linseed Oil by means of Hot Air.

Vertical Section through the Heating and Blowing Arrangements.

a slide as required. The pan is placed over a fire ; it

contains a pipe /, which passes through the side at g, and

communicates with the air supply. The ring-shaped portion
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of the pipe / is perforated, so that the air forced in by the

blower emerges in numerous fine jets. Between the blower

and boiler a small pan h is introduced, suspended in an air-bath

i, and heated by the waste heat of the boiling pan or by gas.

The cover of this pan carries a vertical pipe with two taps ky^

and k^, between which is a spherical vessel I. Above k^ is

the dish m. This apparatus is used to introduce powdered

driers (oxidising agents) into the air current. This is accom-

plished by filling the dish m with the material and allowing

it to fall down through the open tap ^^ into I. On closing

k-y and opening k^ the powder falls down into the air current,

by which it is carried into the oil. The boiling pan is par-

tially filled with the oil to be oxidised, and whilst it boils air,

charged with the oxidising powder, is forced into it in fine

streams. The oil is then changed in 15 to 18 hours.

Towards the end of the blowing the oil suddenly thickens.

Figs. 3 6 and 3 7 show the plan and vertical section respect-

ively of an apparatus for treating linseed oil with heated air.

A, A, A is a series of tanks which contain the oil to be treated,

each is provided with a pipe B, by means of which the hot

air is introduced. This pipe ends in branches, suspended

immediately above the bottom of the tank, without touching

it. The branch pipes are perforated, so that the air is forced

through the oil in fine streams. The pipes B, B, B of the

various tanks are connected with the pipe B', which is sup-

plied with heated oil from the coil C of the heater D.

The coil C is connected with a compressor E (or Eoot's

blower), and thus obtains a continuous supply of air, which is

regulated by means of the valve T. G is a loaded safety valve.

The branch pipes B, B, B are also provided with taps, which

regulate the supply of air to the individual tanks, and by

which the air can be cut off when the process in any one

tank is finished. The cocks F and F' are 3 -way ; their con-

struction is shown in Fig. 38. Tliey are so made that the

i6
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whole or a portion of the ah' may be blown off into the open.

If all the tanks are in use the maximum supply of air is

required. When the air becomes heated to about .312' C.

the cock F must be partially opened. But if the temperature

of the air in the coil rises above 312° C. the tap must be

opened wider, in order to send a smaller quantity of air

through the outlet / and a larger quantity into the coil.

Thus more air goes into the heater, and the oil is prevented

from burning. The temperature of the oil should never rise

above 205' C. The process should be conducted so that the

oil in the different tanks is in different stages of treatment,

Fin. 38.—Apparatus for tliickeiiing Linseed Oil by means

of Hot Air. 3 -way Cock for distributing the Air

Current.

SO that when the operation is finished in one tank the

treatment of the oil in another may be commenced, until the

whole has been treated. When the oil in any one tank is

finished, its tap F'' is turned in order to cut off the hot air and

to prevent the temperature of the oil in the other tanks from

rising unduly. For example, if tlie tanks contain 227 litres

of oil, so much hot air is introduced that the temperature

rises to about 121° C, wliich is maintained for about 5 hours

and then raised to 205° C. Care must be taken that this

temperature is not exceeded ; it is maintained for about 5 to 6

hours, in order to drive off the acrid vapours. The regular
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diminution of these vapours is a sign of the termination of

the process. When they are no longer evolved the oil

suddenly thickens to a syrupy consistency. When this stage

is reached the introduction of heated air is discontinued and

the oil drawn off by the tap a into the cooling tank. After

cooling the oil is quite free from fatty matter, and has the

appearance of pale jelly. The vapours carried off consist

principally of acrolein ; they may be collected, condensed, and

utilised for various purposes. Fig. 39 shows a modification

of the pipe through which the hot air is introduced into the

tanks. It ends in a T-piece, which

points along the length of the tank

and is not perforated, but is open

at both ends, so that the hot air

is forced through the oil in two

streams. This form of pipe is used

in tanks the length of which is

about twice the width.

Lion, of Paris, exposes oil to

the action of a continuous current

of air, in order to obtain rapid

oxidation, so that the product dries

well and is of better quality than

the original oil. The apparatus

used by Lion consists of two pans, connected l)y a pipe

in such a manner that the oil may be moved from one

pan to the other. One pan is connected with the atmo-

sphere by means of a vertical cylinder in which moves a

current of air. The second pan is provided with a bent

pipe leading into a flue, by which the vapours are carried

away. The pressure pipe of a lift and force pump of

suitable construction passes through the upper portion of

the vertical cylinder. At the end of the pipe connecting the

second pan with the vertical cylinder is a perforated box,

Fig. 39.—Apparatus for thick-

ening Linseed Oil by means

of Hot Air. T-shaped Exit

for the Air.
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arranged so that tlie liquid forced up by the pump may leave

it in jets. The oil is heated in the pan to the desired

temperature, then drawn off by the pump and forced through

the pipe and the holes of tlie box. It leaves the box in fine

streams, conies in contact with the current of air in the

cylinder, and falls into the first pan, from which it runs

through the connecting pipe to the second pan. The oil is

moved through this circuit until it is sufficiently oxidised

and thickened.

FoKMUL^-: FOE Printers' Varnishes with Eosin and

Linseed Oil

Parts by weight.

Weak. Medium. Strong

Rosin ' . 12-5 12-5 12-5

Stand oil . 50 50 50

Rosin soaj) 1-5 1-5 1-5

Stand oil (very wealv) 3-5 2

Rosin 25 25 25

Stand oil . 50 50 50

Rosin soap 5 5 5

Stand oil (very weak) 4-5 3

Rosin 38-5 38-5 38-5

Stand oil . 50 50 50

Rosin soap 3-5 3-5 3-5

Stand oil (very weak) 6 4-5

The principal constituent of these printers' varnishes is the

thick boiled linseed oil (stand oil). It is not boiled long

enough to be of the thickness required for the various

strengths, but still so long that it forms no grease mark on

paper. In this case rosin alone is used as the thickening

agent, since it has been found to produce a varnish of the

sanie strength as a varnish from pure linseed oil, but much



PRINTERS' VARNISHES 245

cheaper, so that it can be used for cheap printing inks. The

oil is first boiled, allowed a short time for clearing, and then,

after reheating, the rosin is added, as free from water as

possible. The rosin is broken into small pieces in the vessel

in which it is to be melted, and then fused over a slow fire.

When it has become quite limpid, and has given off some

vapour, the rosin soap cut into small pieces is added, and

when that has dissolved, the boiled linseed oil (stand oil).

The whole is well stirred, left half an hour on the fire until

the whole is quite fluid, and then filtered through fine linen

to remove all the impurities of the rosin. The finished

varnish is allow^ed to stand as hot as possible, so that all

small particles of impurities still present, which would not

sink in the thick varnish, may deposit. The bright varnish

is drawn off after a few days.

Formula for Linseed and Eosin Oil Varnishes

Weak varnish with stand oil.

Parts by weight.

a. b. c.

Stand oil (very weak) 7 9 12

Rosin soap 3 5 7

Rosin oil . 50 50 50

Rosin 25 50 50

Stand oil . 50 50 50

Medium varnish vnth stand oil.

Parts by weight.

a. b. c.

Stand oil (\ ery weak) 4 6 9

Rosin soap 3 5 7

Stand oil . 50 50 50

Rosin oil . 50 50 50

Rosin 25 50 50
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Strong varnish vnth stand oil.

Parts by weiglit.

a. h. c.

Rosin soap ... 3 5 7

Stand oil . . . . 50 50 50

Eosin oil . . . . 50 50 50

Rosin .... 25 50 75

Weak varnish with raio linseed oil.

Parts by weight

n h

Thick turpentine (crude)

.

5

Rosin soap 5 7

Linseed oil 13 35

Rosin oil 24 95

Raw linseed oil 21 100

Medium varnish with raw linseed oil.

Rosin soap

Thick turpentine (crude)

Linseed oil

Rosin oil

Rosin

Strong varnish ivith raw linseed oil

Parts i^.y weight

a. h.

5 7

5

105 90

210 240

210 215

Parts by weight

a. b.

Rosin soap 5 7

Thick turpentine (crude)

.

5 2

Linseed oil . 87 25

Rosin oil ... . 240 80

Rosin .... . 210 100

In the preparation of these varnislies the rosin aud rosin oil

are heated together in a pan over the fire, then the soap

is added, and finally the linseed oil. The mixture is then
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maintained at 120° to 140° C. for some hours, so that the

smell of rosin oil may as far as possible be driven off and

the materials intimately mixed.

Various Printers' Varnishes

For best ilhistration inks.

Parts by weight

(1) Copaiba balsam 70

Linseed oil . . 50

Kosin .... 110

Benzoin .... 3

Balsam of Tolu 2

(2) Copaiba balsam 85

Linseed oil . 40

Eosin . . . . 115

Benzoin . 3

Balsam of Tolu 2

According to Gogneau.

Parts by weight.

(1) Linseed oil . 979

Eosin .... 735

Syrup .... 245

Litharge.... 12-5

(2) Linseed oil . 400

Eosin .... . . 980

Syrup .... 490

Litharge.... 6

(3) Linseed oil . 980

Eosin 958

Syrup 980

Litharge.... 12-2

The oil is mixed with the litharge and a slow fire kept

under the pan until the oil begins to boil and the froth to
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disappear. The rosin is -now melted with a small quantity

of linseed oil and added to the oil in the pan, when the froth

disappears. The mixture is well stirred, allowed to cool

partially, and the syrup finally added.

Accordhig to Bool.

Parts by weight.

Thick turpentine (crude) .... 9

Soft soap . . . . . . . 10

Olein 4

According to Pratt.

Parts by weight.

Rosin 390

Rosin oil ...... . 500

Yellow soap ....... 90

The thickening of drying oils, Blakemann's process.

—A mineral soap, and hy preference one wdiich has the

power of absorbing carbon dioxide, such as an alumina soap,

is dissolved, by the aid of heat, in a vegetable or animal

oil which is not decomposed at the temperature employed.

Of the vegetable oils, sunHowerseed oil is suitable, but cotton-

seed oil is preferable. About 20 to 30 per cent, of the

mineral soap is added to the oil, or so much that the mixture

is gelatinous. The soap, may also be added to complete

saturation, but the above quantity is preferable. The oil

thickened in this manner is now mixed with the drying oil to

be treated, either simply by stirring or by gentle heating on

the water-bath. The added quantity of the oil thickened by the

mineral soap may amount to 5 to 7 per cent, of the drying

oil, or more or less. When the mixture has cooled it is a far

better vehicle for pigments than before treatment. The

colour of the oil is not injured by the process, whilst its

drying properties remain unimpaired or are increased. The

reason being that, on the one hand, the high temperature
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required completely to dissolve the metallic soap does not

injure the cottonseed oil, but rather tends to exert a bleach-

ing action upon it, and that, on the other hand, the character-

istic affinity of the mineral soap for carbon dioxide favours

and increases the drying action. In this process the mineral

soap may not be mixed directly with a drying oil for the

purpose of thickening it or to obtain a vehicle for pigments.

Such mixtures have been previously made, but only with

partial success, since the high temperature required to produce

a perfect mixture causes the oil no longer to be capable of

being bleached. This difficulty is avoided by the present

process, since the mineral soap is first mixed with an oil

which is not decomposed at the temperature required, and

this mixture, in which the oil has been made basic or alkaline,

is added to the drying oil. The colour of the drying oil is

thus preserved, and if the mineral soap is capable of absorbing

carbon dioxide the drying power of the oil is at the same

time increased. The drying oils treated in this manner, such

as linseed oil or similar oils, may be kept for later use or at

once mixed with pigments for use in paints. If necessary, any

of the ordinary commercial driers may be added to the paint.

Linseed oil for the manufacture of linoleum must

be treated in quite a different manner to that required in the

preparation of printing inks, oilcloth, etc. The substance

used for the latter purposes is a thick mass, still homo-

geneous, which can be liquefied by heating or by the addition

of turpentine, benzine, or other solvents, and which dries to a

more or less colourless adherent skin when applied in thin

layers. On the other hand, in the preparation of the drying

oils for the manufacture of linoleum, the condition is sought,

which the oil has after drying in thin layers, i.e. a soft elastic

dry skin, capable of being kneaded with solvents, resins, cork

or wood meal, to form a mass which can be rolled between

rollers into sheets with or without a backing of fabric.
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The linseed oil must be treated in such a manner that

a product of this nature is oljtained. The process of Walton

has found the most extensive application, and is used together

with several others.

Walton's process effects the formation of a dry friable

powder, which coheres under powerful pressure. The oil is

subjected to a preliminary treatment, either by boiling with

MWPWMHj

Fig. 40.—Walton's Apparatus for Oxidising

Linseed Oil.

driers in a pan provided with stirring gear, or by converting

it into spray by means of a current of air. In the latter

method, clear linseed oil is mixed with a suitable drier, 5 to

10 per cent, of lead acetate is best, and then led through

the apparatus shown in Fig. 40. By means of a pump, oil

is forced through the pipe a into the tank 1), which has a

perforated bottom c. The oil then falls in jets or drops

through the" column d, where it comes in contact with air driven
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in by a fan. Two sides of the column are formed of glass, so

that light may enter in order to bleach the oil
; / and /' are

perforated zinc plates,/ is intended to distribute the air, as

it enters the apparatus, through the whole of the column

;

f' forms the air exit and retains the particles of oil. A
rapid current of air is not necessary, it is only required to

renew continuously the air in the apparatus. The oil falls

into the tank g, below which is the space li into which

steam is admitted at a temperature of 100° to 177° C. The

higher the temperature the more rapid is the transformation

of the oil. By means of the pipe % the oil is again brought

to the pump, which is not shown in the illustration. The

pump again forces the oil into the tank h ; the process is

continued until the oil is sufficiently changed. At the upper

end of & is a small cylinder, in which is a piston connected

with the lever I, loaded in accordance with the pressure to be

maintained in &. The rod m is connected with the tap on

the pipe i in such a manner that, when the pressure in h

becomes too great, the piston rises, thus closing the com-

munication between the pump and the tank g.

In the second apparatus constru.cted by Walton, linseed

oil mixed with the oxidising substances is heated under con-

stant stirring in an open pan over a fire ; a chain pump h

(Fig. 41) raises the hot oil into a spout c, from which it runs

into the trough d, running along the wall of a large chamber

K (the oxidising chamber), roofed with glass. In front of

tlie outlets of the trough are wheels e, 500 mm. in diameter,

upon which the boiled oil falls in a thin but wide stream.

The wheels move at the rate of 600 revolutions per minute,

and break up the oil into fine drops, which are thrown into

the chamber, where they slowly sink to the bottom. This rain

of oil flows in the opposite direction to an air stream driven

into the chamber through the pipe g by the fan /, and

escaping through openings li in the wall, which are at the
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greatest distance from the entry. These openings can be

wholly or partially closed by valves i, which thus regulate

the strength and direction of the air current. A layer of

gauze X* prevents the oil spray from passing through with

the air. The oil collects at the bottom of the chamber and

flows back to the boiler a, through the pipe I ; the series of

operations is repeated until sufficient oxidation has taken place.

The linseed oil which has been prepared simply by boiling,

or by boiling and treating with air in the apparatus just

described, is now spread out in very thin layers upon a

stretched fabric and exposed to the action of a current of hot

air. Walton has also devised various arrangements for the

performance of this operation. The oil is first brought into

cube-shaped vessels with an edge 90 to 100 cms. long; into

these vessels fit wooden frames in which iron rods are placed

above and below at certain distances and always opposite one

another. A cotton fabric is now wound over these iron rods,

the end of the piece being fastened in a suitable manner,

so that a certain number of lengths, corresponding to the

number of iron rods, are placed near together. The

length of the fabric is adjusted so that the end is again

fastened to the last rod. The frames carrying the cotton are

now immersed in the linseed oil, in which they remain until

the fabric is saturated, when they are taken out, hung up

over the vessel to drip, and then exposed to a current of hot

air, which converts the linseed oil in about 24 hours to a dry

mass, no longer sticky. After drying, the frames with the

fabric are again immersed in the oil and again dried, this

alternate dipping and drying being continued until the layer

is several millimetres thick. The vessels of linseed oil are

placed in a row, the frames are dipped into them simultaneously

by a mechanical arrangement, taken out at the same time

and fastened at a certain height, so that manual labour is

entirely avoided.
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In another arrangement of the oxidising apparatus the

fabric is fastened to iron rods, so that it hangs down length-

ways. Above the fabric a trough rests upon rails ; it ends in

boxes in which are narrow slits parallel to the supports of

the fabric. The oil is pumped into the troughs, runs from

these into the boxes, and thence through the slit on to

the fabric, the whole length of which it traverses, and finally

collects in a well. The oil is again pumped into the tank,

and when the fabric is dry the oil is again led over it. This

process is repeated until a layer of dried linseed oil about

1 cm. thick is obtained, which naturally requires several

months.

The fabric is then rolled upon drums, and the layer of

linseed oil removed by a peculiar arrangement consisting of

rollers heated by steam, through which the end of the faljric is

passed after the layer of dried oil has been removed for a length

of about 1 cms. In consequence of the position of the rollers

and the pressure they apply, the solid coating is stripped off,

the fabric passes alone through the rollers and may be again

saturated with oil. In the case of very thin material, which

does not possess the necessary strength to be used a second

time, the dried oil is not removed, but fabric and oil together

are ground up and added to the linoleum mixture. The end

product of Walton's process, when removed from the faljric,

is a plate 8 to 10 mm. thick, which, in accordance with the

periodic application of the oil, shows distinct stratification

in section. In layers of 3 to 4 mm. thickness the mass

is no longer transparent, and appears of a dark orange-red

colour. In thinner layers the colour is paler : a layer 1 mm.
thick is yellow with a tinge of brown. The mass is com-

pletely homogeneous, not sticky, and similar to indiarubber,

like which it is very elastic, l)ut is far less soft and exposes less

resistance to tearing. The mass is so wanting in coherence

tliat it can be ground in a mortar to a yellowish-white powder.
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which coheres with difficulty and then not permanently. It

has a slight sweetish odour, similar to that of fresh linseed

oil, but much milder ; it is free from taste. When heated

it remains solid, and may be ground to powder ; under powerful

pressure it coheres permanently.

The process of Hertkorn, for the rapid oxidation of the

drying oils, depends on the observation that the oxidation takes

place much more rapidly when the oils, with or without driers,

are spread upon, or mixed with, voluminous powdered materials,

light in weight, through which hot air is led. The most

suitable substance for this purpose is the mixture of cork and

wood meal used for linoleum. In this process the oxidation

is complete in 1 or 2 hours, whilst for the methods previously

used days and even months are required. The linoleum mass

obtained by the new process is quite free from smell, thoroughly

uniform and completely oxidised, also elastic to a high degree.

The mixture of the oil with the fillers is the most intimate

obtainable. In order to increase the binding power and the

elasticity, certain hard resins are added in fine powder to the

semi-oxidised mass. Varying quantities of the oxides of the

alkaline earth metals, or salts of these metals with weak

acids (soaps), are added to the linoleum mixture in order to

prevent the spontaneous combustion of the mass saturated

with oil. These additions impart additional hardness to the

linoleum, with a velvet-like smoothness, leathery pliability,

and a toughness hitherto unobtained.



CHAPTER VI

BEHAVIOUR OF THE DRYING OILS AND BOILED OILS

TOWARDS ATMOSPHERIC INFLUENCES, WATER, ACIDS,

AND ALKALIS

The drying oils, of which linseed oil is the only representative

used on the large scale, and the boiled oils obtained from

them, are rarely used alone in painting and decorating ; lin-

seed oil is, however, so used as a priming for iron and on wood-

work, so that the natural colour of the wood remains. A far

more extensive use is in intimate admixture with pigments

for painting the most varied materials—wood, metal (prin-

cipally iron), walls (plaster), stone, and linen. Paint is used

with the object—(1) of providing the material with another

colour, either for aesthetic reasons or to hide the subjacent

materials ; and (2) in order to protect the material from

external influences—rain, moisture, and air. If the wood-

work in buildings, such as of windows, doors, etc., is not

protected by paint it will be injured by the action both of wet

and summer heat, will quickly lose its pale colour, and separate

into fibres. In the presence of much moisture, especially in

such a position that it cannot dry quickly when wetted, it will

soon be destroyed by rot and mould. If iron is not painted it

will be rapidly rusted by tlie action of the atmosphere. The

formation of oxide, when rust has once appeared, spreads so

rapidly by means of carbonic acid and water, wliicli are re-

tained by the porous rust, that thin sheet iron is rapidly
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rusted through, and may even quite fall in pieces. Unpro-

tected plaster eagerly absorbs rain and mist ; certainly, it will

soon dry again, but by the continued change from dry to wet

it is injured, shells off, and finally falls away. All these dis-

advantages are to a certain extent obviated if the surface be

covered with a layer of a drying oil or of a paint made from

a drying oil, and this layer be then exposed to the action of

the weather after an interval which depends on the position of

the object, especially in regard to the incidence of sunlight.

The principal reason for painting all objects is to protect them

from the action of atmospheric influences ; we must at once

consider the effect of these influences on coatings of boiled

linseed oil or of paint made from it. From the changes

undergone by the very thin dry layers of the drying oils and

paints containing them, we know that the protection afforded

by these coatings must be relatively brief. Linseed oil, boiled

oil, and oil paints change, when withdrawn from all other in-

fluences, by a further absorption of oxygen from the air and

by the action of the sun's heat. Free linolic acid is further

oxidised, as also unaltered linolin, and finally the end-product

also begins to decompose and the coating then perishes. This

is the fate of any coating of a drying oil or boiled oil, with or

without pigments ; it occurs in a longer or shorter time accord-

ing to the nature of the material. Wood, plaster, and stone

are of an open nature, they have pores and interstices between

the particles, in which part of the paint is absorbed whether

it contains oil alone or oil and pigment. Thus, on the one

hand, an intimate combination is established, and, on the

other, the drying oil in the pores remains undecomposed

longer than that on the surface. With iron it is different,

the metals have no pores, nothing can be absorbed. The

paint remains on the surface, and thus it comes about that

paint on iron-work has generally a briefer duration than on

wood, plaster, or stone.

17
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In addition to the action of the sun, other influences

must be considered, these are-—(1) rain, fog, and snow;

(2) the movement of the air; (3) dust and sand, which

are thrown against tlie paint
; (4) the gases contained in

smoke
; (5) the pigment with which tlie boiled oil is mixed

to produce the paint.

As we have previously seen, changes occur in the dried

layers of oil ; the coating, which was at first elastic, gradually

becomes less elastic and more friable, finally forming a hard

mass which can readily be scraped otf. "With the further

lapse of time the layer decomposes still further, the union

between pigment and oil is dissolved, and the pigment is

removed from the groundwork by rain, wind, sand, and

dust, which are driven against the object. There is no per-

manent protection ; the practical duration of a coating of

oil-paint upon wood and plaster, exposed to the w^eather, is

taken as 5 to 10 years at a maximum, and on iron and other

metals, also exposed to the weather, as 2 to 5 years at a

maximum.

The influence of rain upon paint is inconsiderable, if the

water does not stand on it for a long time ; according to the

author's experience, the diffusion of w^ater through a coat of

paint, assumed by Simon, does not take place. Simon sup-

ported a skin of paint, removed from its original position, in

such a manner that it formed a hollow, in which water was

placed, wdiich after some time appeared on the under surface

of the paint-skin in drops. This experiment, however, proves

nothing, for there is a very considerable difference between

paint attached to the surface beneath and a layer removed

from this surface. The water, deposited by rain and snow

upon a coating of paint, generally evaporates so rapidly that

it would not have time to permeate the paint even if the

latter were permeable. Thus there can be no question of

the destructive action of water when it is not continued for
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a long period. The gases given off by fires also only damage

paint when the action is continued for a long time, as, for

example, on bridges below which trains pass at short intervals
;

under these circumstances the paint is quickly destroyed.

The action of pigments upon the drying oils and boiled

oils has been demonstrated. The lead pigments (white lead,

red lead) form hard solid masses in combination with the dry-

ing oils, which is probably due to the small quantity of oil

they require in order to produce a paint of proper consistency.

In spite of the hardness and solidity which these paints

possess in consequence of the small amount of oil they con-

tain, they exert an extraordinary resistance towards atmo-

spheric influences and water ; they produce more durable layers

than paints containing other pigments. The pigments require

the following quantities of linseed oil or boiled oil to form

paint :

—

White lead .

Red lead

Zinc white

Baryta white

Brunswick green

Oil black

Ferric oxide .

Burnt Turkey umber

Burnt EngHsh umber

Brunswick blue

English ochre

Vandyke brown

Raw Sienna .

Burnt Sienna

Chrome yellow

Levigated chalk

These quantities are, however, not to be regarded as fixed

values, very much depends upon the nature of the pigment

and its composition ; they may be taken as average values.

Thus, for example, zinc white requires from 10 to 15 per cent.

8-9 per cent

6-8

22

7(1)

11

27

10(?)

29

20

11

16-5

40

37|
371

15

18
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and white lead also requires varying quantities of oil. In

general, it may be said that pigments of crystalline nature

take much less oil than those which are soft and clayey, such

as many varie!;3s of ochre. All the pigments of high specific

gravity, i.e. which take up a small volume, require much less

raw or boiled linseed oil than voluminous pigments, so that

the volume affords a measure of the oil required. Experience

has shown, in the case of oil varnishes, that carriage varnish

made with much oil is far more durable than a copal varnish

short of oil ; thus it almost appears that to the high proportion

of oil alone is due this durability. The durability of oil paints

exposed to the atmosphere varies in the same manner. We
have seen that there are pigments which require little oil,

especially white and red lead, whilst zinc white requires more

than twice as much. There are similar variations with all

other pigments, and it is worth while to consider in what way

this difference becomes evident in the paint. When 1 kilo,

of a heavy paint is spread out upon a surface, it does not

cover so great an extent as 1 kilo, of a light paint, simply

because the volume of the heavy paint is smaller than that of

the light paint. If the volume of the light paint is twice as

great as that of the heavy, the former will cover twice the

surface covered by the latter ; thus in this case the volume

and not the weight is of importance. For example, if 200

grms. of oil be taken to 1 kilo, of dry material, and for a

lighter paint 700 grms. of oil to 1 kilo., and if the volume of

the latter paint is twice that of the former, there will be 200

grms. of oil in 1 volume of the heavy paint, and 350 grms.

of oil in the same volume of the lighter paint. When half

the total volume of the lighter paint is spread out over the

same surface as 1 volume of the heavy paint, in the first case

there are 200 grms. of oil, in the second, 350 grms. of oil,

upon equal surfaces. This is only an example, in many cases

the differences are considerably smaller, but may be even
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larger ; it was only intended to show here that considerable

differences may occur. When a surface of fixed extent is

covered with a paint containing a large proportion of oil, the

paint will be more durable, for the reasons given, than a

coating made with a paint containing a pigment which

requires little oil.

Dried layers of oil or paint cannot permanently resist

the action of alkaline solutions, caustic or carbonated ; they

are rapidly attacked on the surface, and finally are completely

removed. The resistance towards acids is also relatively

small, although it is possible to obtain an uninjured skin of

varnish or paint by immersing painted zinc foil in acids,

because the zinc is more rapidly dissolved than the skin is

attacked.

Spennrath made a number of experiments upon the

action of different agents upon paint skins, separated in the

above manner, containing linseed oil and graphite (an in-

different pigment), and obtained the following results :

—

1. Paint skin, containing linseed oil and graphite, kept for

6 months under pure rain water. The skin was still coherent

and elastic, but was dull and considerably damaged ; it had lost

10 "4 per cent, in weight.

2. Paint skin, containing linseed oil and graphite, kept for

6 months under sea water. During the experiment fungi

developed in the water to a great extent ; where they adhered

to the skin it was coloured white, otherwise it was uninjured,

and had even retained its face. The elasticity was but little

less; the loss in weight was 4 '5 2 per cent.

3. Paint skin, containing linseed oil and graphite, kept for

6 months under a 10 per cent, solution of common salt. The

skin was hardly attacked, but was rather dull, the elasticity

was unaltered; the loss in weight was 2 '4 per cent.

4. Paint skin, containing linseed oil and graphite, kept for

6 months under a 10 per cent, solution of sal ammoniac. The
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skin was externally unaltered, it was shining and elastic ; the

loss in weight was 3 '5 per cent.

5. Paint skin, containing linseed oil and graphite, kept for

6 months under a 10 ^jer cent, solution of magnesium chloride.

The skin appeared to be unaltered, it was shining and elastic

;

the loss in weight was 1"1 per cent.

6. Paint skin, containing linseed oil and graphite, kept for

6 months under 5 i^er cent, sulpluiric acid. The skin was

unaltered, shining and elastic ; the loss in weight was 1"65 per

cent.

7. Paint skin, containing linseed oil and graphite, kept for

3 months under -5 ])er cent, hydrochloric acid (5 grms. of acid

of 1"175 specific gravity and 100 grms. of water). The skin

was considerably attacked and was dull ; the loss in weight,

12 "9 2 per cent.

8. Paint skin, containing linseed oil and graphite, under 5

j)er cent, nitric acid. The skin was destroyed, the remains

could not be weighed.

9. Paint skin, containing linseed oil and graphite, hung in

a closed space over acetic acid. After several weeks the skin

liquefied and fell oft' in drops.

10. Paint skin, containing linseed oil and graphite, hung

for 6 months in a closed space over sea water. The skin was

externally unaltered, was shining and elastic, but somewhat

sticky ; there was no loss in weight.

11. Paint skin, containing linseed oil and graphite, hung

up for 6 months in a closed space over anhydrous calcium

chloride, i.e. in dry air. The skin was quite unchanged, elastic

and shining; the increase in weight was 0*40 per cent.

12. Paint skin, containing linseed oil and graphite, kept

in a closed space over fuming hydrochloric acid of specific gravity

1-176. In a few days the skin was destroyed and ran down

in drops.

13. Paint skin, containing linseed oil and graphite, kept
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for 6 months in an aqueous extract of coal ash (alkaline

reaction). The skin was considerably attacked, had lost in

face and elasticity; the loss in weight was 14" 8 per cent.

14. Paint skin, containing linseed oil and graphite, kept

in a closed space over nitric acid of specific gravity 1-335. In

several days the skin was destroyed and ran off in drops.

15. Paint skin, containing linseed oil and graphite, kept

under a 1 per cent, solution of soda. In 3 days the skin began

to dissolve, and before many days was completely destroyed.

16. Paint skin, containing linseed oil and graphite, kept

in a closed space over ammonia solution. The skin was com-

pletely destroyed in several days, and ran off in drops.

17. Paint skin, containing linseed oil and graphite, kept

in a closed space over ammonium sulphide. In a few days the

skin was completely destroyed, and ran off in drops.

18. Paint skin, containing linseed oil and graphite, kept

in a closed spiace over a solution of stdphitr dioxide in ivater.

In a few days the skin was destroyed, and ran off in drops.

19. Paint skin, containing linseed oil and graphite, hung

in a closed space over water at 70° to 80° G. for ^4- hours.

The skin was considerably attacked, was dull, and had "lost

9 •86 per cent, in weight.

20. A paint skin, composed of linseed oil and red lead,

was kept for 24 hours in a closed sjjace in an atmosphere of

sidphuretted hydrogen. It became black, dull, and rugged ; the

increase in weight was 1'5 per cent.

Spennrath draws the following conclusions from these

experiments :

—

1. A coat of any paint is destroyed by dilute hydro-

chloric and nitric acids, gaseous hydrochloric, nitric, sulphurous

and acetic acids. Gaseous acids act more rapidly than acids in

dilute aqueous solution. Dilute sulphuric acid does not attack

paint.

2. Alkaline liquids and gases : ammonia, ammonium
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sulphide, and soda solution, rapidly destroy paint. There

was no necessity to examine the action of caustic alkalis,

which are known to destroy a coat of paint in a few

moments.

3. Pure water has much more disintegrating action tlian

solutions of connnon salt, ammonium chloride, and magnesium

chloride, which are known and feared as producing rust on

iron. Sea water also has less action than pure water ; the

salts diminish the action of the water upon the paint. The

destructive action of sea water upon oil paints must be

ascribed to the mechanical action of the moving water upon

the layer of paint.

4. Hot water acts much more rapidly upon a coating of

oil paint than water at the ordinary temperature, and destroys

it in a relatively shorter time.

5. An aqueous extract of coal ash, in consequence of its

alkaline nature, exerts a destructive action upon paint. The

fine ash ejected from chimneys is thus a dangerous material

when it falls upon paint.

In these experiments various observations led to the con-

clusion that a high temperature also affects paints in the

absence of chemical agents. A consideration of the experi-

ments quoted below leads to the conclusion that higher

temperatures (i.e. below 100° C, at which decomposition by

heat does not occur) are the most subtle and dangerous foe to

paint. If a paint skin be exposed to a temperature of about

100° C, in a short time it suffers considerable alteration; it

loses its elasticity and pliability, becomes hard and brittle,

breaks when l)ent abruptly, loses weight, and is shortened by

several per cent. At temperatures between 100° C. and the

ordinary the same alterations occur, but more slowly. At

120 C. a paint skin becomes in a sliort time as brittle

as glass. Spennrath's experiments gave the following

results :

—
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1. A paint skin, composed of linseed oil and graphite,

exposed for o days to air at 50° C. ; considerable loss in

pliability and elasticity, 4 '4 per cent, loss in weight, and 1*2

per cent, shortening.

2. Paint skin, composed of linseed oil and graphite,

exposed for 5 days to air heated in a water hath to do" G.
;

became stiff and brittle, lost 6 '07 per cent, in weight, was 3 "5

per cent, shorter, and broke when bent sharply.

3. Paint skin, composed of linseed oil and graphite,

exposed for 8 days to a temperature of 95° C. ; broke when

bent abruptly, had lost elasticity and pliability ; loss in weight

8*5 per cent., shortening 4 per cent.

4. Paint skin, composed of linseed oil and graphite,

exposed for 3 days at a temperature of 120° C. ; was stiff

and brittle, loss in weight 9 "5 per cent., shortening 5

per cent.

5. Paint skin, composed of linseed oil and red lead,

exposed for 5 days to a temperature of 9^ C. ; was stiff and

brittle like glass, broke on bending; loss in weight 2'11 per

cent., shortening 4 per cent., considerably darker in colour.

6. Paint skin, composed of linseed oil and white lead,

kept at 95° C. for 5 days ; was hard, friable, and brittle,

yellow in colour; loss in weight 4"1 per cent., shortening

4'3 per cent.

7. Paint skin, composed of linseed oil and lead sulphate,

kept for 5 days at 95° C. ; was stiff and brittle, yellow

in colour; loss in weight 3 '9 per cent., shortening 4 per

cent.

8. Paint skin, composed of linseed oil and zinc white,

kept for 5 days at 95° C. ; was stiff and brittle, yellow

in colour; loss in weight 5 '7 2 per cent., shortening 4 per

cent.

9. Skin from paint composed of linseed oil and graphite

diluted with 10 per cent, of turpentine, kept for 5 days at
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95" C; was stiff and brittle; loss in weight 5 '4 8 per cent.,

shortening 4 per cent.

10. Skin from paint composed of linseed oil and graphite,

with 1 per cent, of drier, hciH for 5 days at 95° C. ; was stiff

and brittle; loss in weight 6 "4 per cent., shortening 4 per

cent.

1 1

.

Paint skin composed of poppy oil and graphite, kept

for 5 days at 95° G. ; was stiff and brittle ; loss in weight

8'39 per cent., shortening 3'8 per cent.

12. Skin from paint composed of linseed oil and graphite,

with 5 per cent, of mineral oil, kept for 5 days at 95° G.
;

was stiff and brittle ; loss in weight 6 "8 3 per cent., shortening

4 per cent.

1 3. Skin from paint composed of linseed oil and graphite,

with 1 per cent, of mineral oil, kept for 5 days at 95° G.
;

was stiff and brittle ; loss in weight 7 "8 per cent., shortening

4 per cent. (The addition of mineral oil was made with the

object of ascertaining whether the introduction of an in-

different non-drying oil would cause the paint to retain its

original softness and . elasticity at a high temperature. The

addition of mineral oil is, however, rather harmful than useful.

More than 10 per cent, of mineral oil should not be used,

otherwise the paint will remain tacky after drying.)

14. Paint skin from " Bessemer paint," ^ kept for 5 days at

95° G.\ was stiff and brittle; loss in weight G"41 per cent.,

shortening 4 per cent.

15. Skin from paint made from micaceous iron ore, kept for

5 days at 95° G. ; was stiff and 1)rittle ; loss in weight 4'3 per

cent., shortening 3 "5 per cent.

From these experiments it follows :—All paints lose in

weight on lieating, and contract ; at the same time, they lose

their softness and elastic nature, becoming stiff and brittle.

Whilst the paint remains on tlie surface it covers, it cannot

^ A paint for ironwork, composed of ferric oxide and boiled linseed oil.
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contract, the layer of paint is therefore in a state of tension.

In proportion to the intensity and duration of the action of

heat, in particular when produced by the sun's rays, the

tension and also the brittleness of the layer become greater

;

finally the paint must crack. Thus there arise the cracks

which are observed in old paint, especially on iron, and

which form a network over the whole surface. When these

cracks are formed the surface beneath becomes exposed to

the action of rain. The cracks produced by heat are seen

very clearly on old painted ceilings. If we consider that the

ceiling of a hot room may be at a temperature of 70° C. or

more, the appearance of cracks is at once explained.

On comparing the nature of paint skins of different com-

position, it will be found that those made from graphite

appear less stiff and brittle than those made from white lead

(? and zinc white), and especially than red lead paint. The

last named is so friable and brittle that it at once breaks

with the least mechanical action. Now the specific gravity

of these pigments is as follows :

—

Graphite .

Zinc white

White lead

Eed lead .

2-3

5-42 (?)

6-43

9-07

In an equal weight of paint skin there is thus a far larger

quantity of the metallic compounds, and therefore less oil, than

in a coat of graphite paint. Thus it is explained why the

dried graphite paint is not so hard as coatings of white lead,

zinc white, or (especially) red lead ; and further, it is clear

why red lead paint is valued on account of its hardness. On

the other hand, however, zinc white and white lead paints

offer much less resistance to the action of heat than graphite

paint ; thus we conclude that, of two paints exposed to the

action of heat, that one will be the most durable which con-

tains the pigment of the smaller specific gravity.
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White paints made from zinc white, white lead, and lead

sulphate become very yellow on heating, red lead paint turns

dark ; indeed, in general, we may say that a pale coloured

paint becomes yellow and brown when gently heated, and

that a tolerably dark paint becomes darker. This change is

due to the oil turning yellow or brown on heating. For the

same reason ceilings, painted with pale oil paints, darken and

finally become quite l)rown in places over gas or petroleum

lamps. The darkening is generally ascribed to soot given off

from the flames. As a matter of fact, the change is due to

heat, which is proved by the fact that a similar change occurs

above stoves. The AVelsbach incandescent gas light also

browns painted ceilings, although it gives off no soot. The

hopes which had been based upon the use of the electric light

were in this respect not fulfilled. Spennrath has observed

that painted surfaces in the neighbourhood of incandescent

electric lights were browned, if the latter were not at too

great a distance from the paint.



CHAPTER VII

BOILED OIL SUBSTITUTES

In view of the ever-increasing competition and the ever-

decreasing margin of profit in the manufacture of boiled oil,

and of the paints made from it, it will readily be understood

that endeavours have been made for some time to produce

substitutes for boiled oil, which are either brought into the

market, under that description, for use in place of boiled oil

in preparing paints, or are employed to cheapen boiled oil

so that it can be sold under the market price—an unfortunate

use. When a boiled oil substitute is sold under that name

nothing can be said against the transaction, and the purchaser

will know that the material cannot completely replace boiled

linseed oil. But if boiled oil mixed with a substitute is sold,

and the consumer is led to believe that it is only through

exceptionally favourably circumstances that " good " boiled oil

can be sold at so low a price, or if boiled oil mixed with a

substitute is delivered as pure and unadulterated, the trans-

action is at the least doubtful, to avoid a more severe but more

appropriate term.

Attempts to prepare a substitute for boiled linseed oil

date back over a considerable period ; the use of other fatty

oils, non-drying, is generally excluded, if not at all times, since

as a rule other oils cost more than linseed oil, and since,

finally, a boiled oil substitute is required to dry. Thus,

supposing that non-drying oils were cheaper than the cheapest
269
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of the drying oils (linseed oil) for a lengthy period, only very

small quantities of the non-drying oils could be added, and

the difteience in cost would not be large enough. The other

drying oils—poppy, walnut, candle-nut, and even Chinese

wood oil, wliich last might replace linseed (jil with particular

advantage—are all dearer than linseed oil, which is used

to adulterate the other oils. Attempts to make cottonseed

and earthnut oils dry, have indeed led to favourable results,

but these oils, generally used as edible oils, are higher in

price than linseed oil, if the latter has not reached an

exceptionally high figure. Thus all the materials, which

are not very different in value from linseed oil, are a priori

excluded from use as boiled oil substitutes.

Eosin is one of the next most suitaljle materials for the

preparation of boiled oil substitutes, and in fact it is frequently

introduced into boiled oil ; it is simply melted over the fire,

and added to the boiled linseed oil. But in this case, also,

small quantities could exert no considerable influence upon

the cost, and with larger quantities the boiled oil would be

so thick that it would be too far removed from the requisite

degree of fluidity. Eosin also possesses the great disadvan-

tage that it forms a thick, sticky deposit in boiled oil, in

which it can readily be recognised ; in addition, lead and

zinc pigments, which are the most important, thicken with

boiled oil containing rosin, and even separate completely under

certain conditions as lead and zinc resinates. Such material

is useless, quite apart from the fact that coatings of boiled

oil containing rosin never dry completely, but remain tacky.

Since now a l)oiled oil substitute must produce a coating

wliich dries hard, the simple introduction of rosin into boiled

oil is not sufficient to yield an adequate substitute.

The next most likely material is rosin oil, thin or thick.

It has l)een used for many years as a boiled oil substitute, yet

it has many disadvantages, not the least of which is that it
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separates after the lapse of a longer or shorter time, especially

in winter. Eecently greater attention has again heen paid to

rosin oil, especially since a means has been found, in the

resinates of lead and manganese, to make it dry to a certain

extent. The experiments made by Weger with rosin oil and

rosin oil mixtures, in which the drying and oxygen absorp-

tions were determined, are very interesting. The following

are the results :

—

1. Befined rosin oil, in which 6 per cent, of lead-man-

ganese resinate had been dissolved at 150° C.

—

Weight of oil . 0-0379 grm.

Increase! after 18 hours . 0-0013
))

= 3-4 per cent.

(still very tacky),

j>
42 0-0058

JJ
= 15-3 per cent, (dry),

j>
3 days 00067 JJ

= 17-6

>>
5 „ . 00073 JJ

= 19-3 „

«) 9 „ . 00075 JJ
= 19-8

2. Boiled rosin oil, consisting of 80 parts of refined rosin

oil, 20 parts of linseed oil, and 6 per cent, of lead-manganese

resinate, prepared in the cold

—

ight of oil 0-0442 grm.

rease after 22 hours . 0-0039 „ = 8*8 per cent.

(nearly dry).

„ 2 days . 0-0065 „ = 14-7 per cent. (dry).

» 3 „ . 0-0077 „ = 17-4 .,

JJ 5 JJ •
0-0077 „ = 17-4 „

JJ " JJ •
0-0081 „ = 18-3

3. Boiled rosin oil, consisting of 100 parts of refined rosin

oil, 10 parts of linseed oil, and 5 parts of lead-manganese

resinate

—

Weight of oil . . 0-0388 grm.

Increase after 16 hours . 0-0020 „ = 5-2 per cent.

„ 24 „ . 0-0034 „ = 8-8

(almost dry).
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sase after 3 days 0-0054 grm. = 13-9 per cent. (dry).

11 „ . 0-0066 „ = 17-0

26 „ . 0-0076 „ = 19-5

>j "<J 1) . 0-0069 „ = 17-8

But here also the same inconveniences arise as with rosin.

The mixtures with boiled linseed oil do not dry completely,

the coatings remain tacky ; the mixtures are very liable to

decomposition o?i keeping, and the lead and zinc paints made

from them become hard, so that they cannot be used. Eecently,

boiled oil substitutes have been made from rosin oil which

turn out to be usable. Also with fish oil favourable results

are said to have been obtained, though this may legitimately

be doubted, considering the nature of fish oils.

Mineral oils have been used repeatedly to reduce boiled

oil, the latter being thickened by air and mixed with benzine.

The mixtures are said to be found suitable. The ordinary

thick or thin mineral oils, cylinder oils, spindle oils, paraffin

oils, and debloomed oils may be mixed in small quantity with

boiled oil ; they do not then particularly retard the drying, as

is mentioned in another place. Large additions, on the other

hand, as the author observed many years ago, separate in

drying from the boiled linseed oil, and, when the latter has

become a solid layer, remain still wet upon the dry skin, and

may readily be wiped off.

No boiled oil substitutes, whatever their advantages, are in

a position to replace boiled linseed oil completely ; they will

always produce more or less friable skins, readily rubbed off;

they will not withstand atmospheric influences, and will (with

a single exception) be wanting in the desired elasticity, which

is the principal characteristic of boiled linseed or other drying

oil. It is exactly the same with rosin in oil varnishes ; none

of the artificial products—rosin soaps, esters, copal substitutes,

etc.—can ever replace tlie copals ; they are always inefficient

substitutes.
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Substitute for boiled oil from rosin soaps.—The acid

of rosin (sylvic acid) forms solid compounds with lead and

manganese, used as driers, in which the sticky and soft

nature of rosin is more or less absent, and which may

be dissolved readily and almost completely in one or more

of the ordinary solvents : benzene, petroleum ether, solvent

naphtha, turpentine, petroleum, etc. These rosin soap solu-

tions produce coatings, which are hard and do not soften or

stick, and well resist the action of water. The fatty acid

compounds of the heavy metals also possess these valuable

properties to a greater or less extent
,
generally they are not

as applicable as the rosin compounds, on account of the

higher market price of fats (lard, cocoa-nut oil, palm oil,

etc.), so that as a rule they cannot be used.

If ground rosin be dissolved in boiling soda solution, an

operation which requires little time, and the solution be

precipitated hot or cold by the aqueous solution of a metallic

salt, e.g. aluminium sulphate, ferrous sulphate, zinc sulphate,

copper sulphate, etc., generally speaking, by metallic salts,

the acids of which can drive out the carbonic acid from the

Boda-rosin solution, the metallic sylvates are precipitated as

coherent masses, more or less sticky whilst hot, and white,

brown, green, etc., in colour, according to the nature of the

metal. If cold solutions are used in the precipitation, the

compound forms small particles, which do not unite until

heat is applied. Of the metallic sylvates, the zinc and iron

compounds are especially adapted to the preparation of boiled

oil substitutes, and in less degree the aluminium and copper

compounds. The iron compound is the most suitable ; it is

extremely hard, remains elastic even after years, is never

sticky, and is readily and completely soluble in solvents.

Unfortunately, it possesses an intense rust-brown colour, which

it imparts to pigments with which it is mixed, so that it can

only be used for dark paints : Indian red, ochre, brown, and

t8
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black. Zinc sylvate has been found to be the most suitable

for the preparation of a really practical substitute, which dries

well, is not sticky, and may be ground with white lead and

zinc white without producing hardening or decomposition.

From it a substitute for boiled oil can be made, which com-

pletely satisfies all requirements, and may be mixed with

boiled oil in any proportions. This substance is prepared

as follows. The apparatus required consists of a large

iron pan with an outlet and a tap half-way up, and a

smaller iron pan, Ijoth of which may be heated by fire or by

steam.

Quantities.

15 kilos, of ordinary soda crystals.

25 ,,
rosin, pale or dark, according to tlie colour required.

15 ,,
zinc sulphate.

250 „ water.

50 „ Avater to dissolve the zinc sulphate.

12 '5 ,,
boiled oil.

25 „ petroleum or petroleum ether.

Process.—250 kilos, of water are heated to boiling in the

large pan, in it 15 kilos, of soda are dissolved, and then, the

li(^uid l)eing kept boiling, 25 kilos, of rosin in fine powder

(ground in a mill) are introduced gradually, a fresh quantity

being added only when the last has dissolved. The pan

in which this operation is performed must be large enough

to contain double the above quantities, that is, about 600

kilos. When all the rosin has dissolved the zinc sulphate

solution, made in the second pan from 15 kilos, of zinc

sulphate and 50 kilos, of water, is gradually poured into the

soda-rosin solution whilst stirring. The mixture effervesces

and rises, so that the precipitation must be cautiously con-

ducted. When all the zinc sulphate solution has been added

and the zinc sylvate has separated, the mixture is again
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heated to boiling. When the temperature is sufficiently high

the zinc soap collects to a resinous mass ; after cooling, the

water, which contains Glauber's salt, is drawn off, and thrown

away or evaporated.

The zinc sylvate may now be treated in two ways :

—

(1) The mass is taken out of the pan, dried in thin

layers upon frames in a drying room, and then dissolved in

the heated boiled oil.

(2) The mass is melted with boiled oil whilst still wet,

in which operation care is necessary, since the water may

cause the mixture to overflow.

In either case the heating is continued at a temperature

of 120° to 130° C. until a portion of the melted mass,

dropped upon glass, is seen to be quite clear, transparent,

and without turbidity. When this is the case the pan

is removed from the fire (or if the pan is built in, the

fire is extinguished), the contents are allowed to cool to

50° to 60° C, and then, whilst stirring, 25 kilos, of high-

boihng petroleum or 25 kilos, of petroleum ether are added,

according to the cost and the consistency desired. The

boiled oil substitute made from petroleum ether naturally

dries in considerably shorter time than that made from

petroleum. The finished product is tanked, or, if it is

to be sent away at once, is filtered, which is best done in

a bag-filter.

Different consistencies of the boiled oil substitute are

obtained by using larger or smaller quantities of petroleum

or benzine, which is merely a solvent ; the quantity of boiled

linseed oil may also be reduced to 5 kilos, for 25 kilos, of

rosin ; in this case the cost is lower.

In case the preparation of zinc sylvate offers difficulties on

account of the effervescence and the large pan required, the

following method may be adopted. The soda-rosin solution

is poured into a large wooden tub, the zinc sulphate solution
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added, and the mixture thoroughly stirred, after which a

sohition of 100 grms. of caustic soda is introduced. When
the zinc soap is completely precipitated the water is run off,

and the mass transferred to a large sack (an ordinary sack

such as is used for chalk, fruit, etc.), which is suspended

from several points. The liquid begins to run away when

the bag is filled, and the zinc soap remains behind. When
the saclv is nearly full, it is tied up, the liquid removed by

loading with weights, and the bag with its contents brought

into an ordinary spindle press, in which the press plates

are screwed together until the liquid is almost completely

expressed, so that the cake is nearly solid. It is taken out

of the sack, broken up and completely dried in thin layers

in the air or in a drying stove ; it is then utilised according

to the previous method.

Oster's linseed oil substitute.—5 2 3 parts by weight

of pale Burgundy pitch are melted and mixed with 2*7 3

5

parts of crude cottonseed oil and 0*5 part of thick Dutch

stand oil, both previously heated to 80° C. Then 3 '5 parts

of petroleum at the same temperature are added, and the

whole heated; after cooling, 0"025 part of oil of valerian

and 0"025 part of essence of mirbane are introduced, and

the solution allowed to brighten. It is stated that this oil

may be used instead of linseed oil in all its applications.

The drying power may be increased by previously heating

the cottonseed oil with 3 per cent, of litharge.

Goldblum's boiled oil substitute.—This product is not

only considerably cheaper than linseed oil, the advantages of

which it possesses in increased measure without having its

unpleasant smell and danger of causing fire ; it has con-

siderably greater drying power, and may be mixed in all

proportions with paints of every kind.

This substance is made by dissolving ground rosin in a

suitable quantity of benzene, benzine, or naphtha whilst
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stirring ; for example, 5 parts by weight of rosin in 1

parts by weight of solvent. The solution is then treated

under constant stirring with coarsely powdered soda or

another alkaline carbonate, which, without uniting with the

rosin itself, by an action partly mechanical and partly

chemical causes the impurities to separate as a precipitate.

At the same time, the water which occurs in ordinary com-

mercial rosin is removed by the calcined soda. The residue

and the excess of soda are then separated by filtering from

the liquid, which now forms a clear solution, and does not

become turbid on loner standing.

The alkaline carbonate may be used in the proportion

of 12 to 15 parts to 50 parts of rosin. Other alkaline

carbonates may be used instead of soda, which cannot,

however, be replaced by the carbonates or oxides of the

alkaline earths, since the latter form from the rosin

metallic soaps soluble in benzine, which would separate

and make turbid the finished product. In this process, on

the contrary, the rosin itself is in no way attacked, and

the applicability of the product is not only not diminished

but considerably increased. In comparison with the pre-

parations obtained by treating rosin with lime or other

alkaline earths, the products of this process have the advan-

tage that they do not possess the stickiness caused by the

lime soap.

Pietzker's boiled oil substitute.—Ordinary rosin is

melted, 50 per cent, of manganese resinate or linoleate or

the corresponding lead or copper compound is dissolved in

it, and the mixture heated to boiling. Then 20 to 40 per

cent, of the following compounds is dissolved in water,

of which an equal quantity is taken—potassium, sodium,

calcium, magnesium, lead, zinc hyposulphite
;

potassium,

sodium, calcium, barium, strontium, magnesium, lead, man-

ganese, zinc sulphite
;
potassium, sodium, barium, strontium.
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calcium sulphide. When these compounds are not soluble

in water they are stirred with the same quantity. In the

meantime the rosin has been allowed to cool to 100° C, the

solution is now added to it, and the mixture well stirred,

when a soft, turbid, yellowish-white mass is produced. This

is then heated at 100° C. until all the water is driven off and

the mass is again quite clear. The sulphur compound falls

to the bottom ; 5 to 2 per cent, of the rosin so treated is

dissolved in heated rosin oil in which has been dissolved

3 to 5 per cent, of the driers mentioned at the commence-

ment. The same result may also be obtained in the following

manner :—5 to 1 5 per cent, of rosin and 5 per cent, of one

of the above driers are dissolved in rosin oil. Then 5 per

cent, of the sulphur compound is dissolved in 3 times as

much water, the solution mixed with the oil, so that an

emulsion forms if possible, which is then heated at 60° to

80° C, according to the quantity, for h to 2 hours with con-

stant stirring. The oil is allowed to stand at the same tem-

perature to separate and brighten.

Pietzker's boiled rosin oil.—One of the driers before

mentioned is dissolved in rosin oil, 3 to 5 per cent, of resinate

or linoleate of manganese or lead is sufficient. Then the

rosin oil is mixed at 50° C, to which it has been heated,

by means of a stirrer with a strong solution of the fol-

lowing salts (the exact strength of the solution is unim-

portant): the chlorates, chlorites, hypochlorites, and chlorides

of potassium, sodium, ammonium, barium, strontium, and

calcium. The mixture is allowed to stand at the same

temperature until the oil and solution have separated, and

the former has become clear.

Boiled rosin oil.—(A method tested in practice.) For

this boiled oil substitute either crude thick rosin oil or thin

refined rosin oil may be used. The essential part of the

process is that it is absolutely necessary to treat the rosin
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oil with precipitated (not fused) manganese resinate at 130'

to 140" C. for at least 3 to 4 hours, so that the drier may

be dissolved completely. The proportions are

—

(1) 200 kilos, of crude rosin oil.

15 „ precipitated manganese resinate.

20 ,, linseed oil.

100 „ boiled linseed oil.

(2) 100 kilos, of refined rosin oil.

5 „ manganese resinate.

10 ,, boiled linseed oil.

The raw or boiled linseed oil is heated with the manganese

resinate until the latter has dissolved to a dark reddish-brown

solution, which action generally takes place at 150'' to 160° C,

the crude or refined rosin oil is next slowly added whilst

stirring; the mixture is then heated at 130° to 140° C. for

3 to 4 hours. After this time the boiled oil of formula (1)

is added, and the mixture heated for 30 minutes more at the

same temperature ; the finished product is then left at rest.

The proportion of boiled linseed oil may be altered as desired,

more or less may be used ; boiled linseed oil may also be

added to the oil made from refined rosin oil, by which the

quality is improved and the cost proportionately increased.

Boiled rosin oil made in this way dries well ; it does not

decompose either on long keeping or in combination with

pigments (in particular there is no action with white lead or

zinc white) ; it answers to all the requirements which may

legitimately be made of a boiled oil substitute.

Boiled rosin oil—Halphen's method.— 1. With man-

ganese resinate or oleate.—60 parts of manganese resinate or

oleate are dissolved in ordinary rosin and the mixture heated

until it is quite clear. 20 to 40 parts of a sulphite or

hyposulphite are dissolved in an equal quantity of water.

The two liquids are mixed when the rosin solution has
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cooled to lOO'' C. A yellowish-white turbid mass of the

consistency of tar results; it is heated at 100° C. until all

the water has evaporated, when it is clear. 5 to 20 parts of

this mass are mixed with 100 parts of rosin oil to which

3 to 5 parts of manganese resinate or oleate have been added.

2. With lead and manganese oxides.— 100 parts of rosin

oil, 3 parts of litharge, and 10 parts of manganese peroxide

are boiled in a tinned pan for 2 hours without stirring, and

then allowed to settle during 24 hours. A pale oil is

obtained, which dries better than ordinary linseed oil.

Boiled oil substitute from fish oil.—For several years

a number of painters have replaced linseed oil by a product

obtained from fish oil, which is stated to have better qualities

in conjunction with a lower price. Into a wooden barrel are

brought 144 litres of good vinegar, G kilos, of litharge, and

6 kilos, of zinc sulphate ; the barrel is rolled about for a

long time, and the liquid then poured into 100 litres of fish

oil—that obtained in the Pacific is the best. The mixture

is well stirred, and then left at rest for 24 hours ; when the

clear oil is drawn off, | of the original quantity is obtained

;

54 litres of linseed oil and 9 litres of turpentine are at

once added. The liquid is left at rest for several days, and

then drawn off. The residue is mixed with an equal volume

of milk of lime, and used for painting wood and iron wdiich

are exposed to the air.

Sommcrs 2^n>cess.— 100 parts by weight of refined fish

oil are dissolved in 75 to 100 parts of a solvent such as

petroleum, benzine, etc., and a suitable quantity of chloride

of sulphur then added. The acids, which are formed, are

removed by sending a current of dry air through the mixture,

which takes with it the hydrochloric acid. The remaining

acid is absorbed by 2 to 3 parts by w^eight of turpentine,

finally a small (juantity of manganese soap dissolved in

linseed oil is added.

^ii'
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Boiled oil substitute from Grise'e oil.— The raw

material is obtained from a well bored at Grisee in Java

;

it has a syrupy consistency, is brown in colour, forms emul-

sions with salt water, and has the specific gravity 0'97. The

oil is refined by heating to about 80° C. Occasionally the

emulsion is previously treated with salts or light solvents,

such as benzine, in order to facilitate the partial separation

of the water. In order to obtain oil drying within a

definite time, the following treatment is adopted :—The

oil after mechanical purification is partially distilled, the

thick residue is then dissolved in volatile solvents, such as

benzine, chloroform, carbon tetrachloride, etc. ; the time

required for drying is determined by the solvent chosen.

The distillation of the oil is carried out at 300° C. ; the.

varnish-like residue then constitutes 40 per cent, of the

original oil.

Boiled oil substitute from the residues of petroleum

refining.—The endeavours to prepare a boiled oil substitute

from the tar obtained in treating crude patroleum with

sulphuric acid are not,new; in 1863 Adolph Michigan took

out an American patent, according to which the acids pro-

duced in refining are treated with 40 per cent, of water

and 2 per cent, of caustic alkali ; the resulting fiuid tar

was said to be used for mixing with paints. The patents

of Zemy followed in 1876 and 1877; the acid tar was

neutralised and washed with water and alkaUs, and then

oxidised by means of a current of hot air, or the readily

volatile constituents were removed by heating in pans with

strong soda solution of 20° B. The addition of substances

to accelerate the oxidation—lead and manganese oxides

—

was also recommended. When the mass was quite hard

on cooling, the operation was finished ; it then formed dark

brown solutions on treating with organic solvents.

E. Zalozieki has recently worked out a process of practical
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value for preparing a drying oil. The raw material is

obtained by treating oils from various sources with strong

sulphuric acid, allowing to stand, and drawing off the acid

tar, which is then stirred with J to 1 part of water by

weight. Three layers form, the lower, containing dilute

sulphuric acid, deep reddish-brown in colour ; the two upper

layers contain the precipitated products of the action of

sulphuric acid upon petroleum, consisting of polymerised

constituents of the oil, organic sulphonic acids, and sul-

phones. From these two upper layers a vehicle for pig-

ments is manufactured ; they are drawn off, heated in pans

with an equal volume of water, and neutralised, whilst

stirring, by caustic alkalis or basic oxides (lime, baryta,

magnesia, etc.), or by carbonates and organic bases. The

essential product is then obtained as a red homogeneous

mass, which only requires to be dissolved in the proper

solvent. For this purpose a mixture of alcohols and

hydrocarbons is used ; it is obtained by mixing amyl, methyl,

and ethyl alcohol with benzine, turpentine, or light tar-

oil. The mass obtained as stated above is made anhydrous

by drying or treating with superheated steam, and is then

introduced in the cold into the above solvent. It dissolves

almost completely, the uniform solution is then drawn off.

Two different solutions may also be obtained by stirring

the substance, without further treatment, into a mixture

of equal parts of 50 per cent, spirit, benzine, and turpen-

tine in the cold ; on standing, two layers are obtained, the

upper containing oil and hydrocarbons, the lower, alkalis

;

the layers are filtered and separated. The final product

is theoretically a solution of metallic soaps. The product

is fairly stable, does not change when exposed to air and

light, but is acted upon by water. Fresh acid tar only is

suitable for preparing this substance ; in it the polymerised

constituents completely predominate over the sulphonic acids.
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which are harmful in large quantity, and cause the product

to be readily acted upon by water. On the other hand,

the petroleum acids are very valuable for this purpose,

since they produce the necessary driers. In previous re-

searches these acids were neutralised and thus made in-

active, which was the cause of the failures in treating the

acid tar.



CHAPTER VIII

thp: manufacture of solid and liquid driers

FROM linseed OIL AND ROSIN

Liquid driers have been made for many years from linseed

oil, and used in large quantities in practice, mixed with paints

and varnishes, in order to accelerate drying. Originally, and

until the last 25 years, they were called siccatives, and every

specialist, painter, and varnisher knew that by this term a

solution of linseed oil lead (or manganese) soap in turpentine

was understood. In addition to this siccative, which was

made in colours varying from pale yellow to dark brown, a

viscous substance, made in a similar manner, was known as

" boiled oil extract " ; it was intended to make linseed oil

dry, simply by mixing the two substances without raising the

temperature. Since that time the use of the word siccative

has (|uite changed ; it is now used to designate those sub-

stances mentioned previously, generally metallic oxides and

their compounds, wdiich are added to linseed oil or other dry-

ing oils, at higher or lower temperatures, in order to make

them capable of absorbing oxygen from the air and of drying

by its action. The term is not well chosen, having regard to

what is understood in practice as a siccative, and has been

replaced in every case in this book by the term " drier."

The word siccative is derived from secco, that is, dry ; it should

be restricted to its original meaning, the general use of the

term siccative for both solid and liquid driers leads to many

misunderstandings. [In the following pages the more usual
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English name—terebine—is applied to the liquid driers or

siccatives.]

In recent years the driers introduced under the terms

:

siccative, terebine, oleobenthine, xerotine, cementine, rapidine,

and other fantastic names more or less happily chosen, have

been composed according to the following methods :

—

1. Solutions in turpentine of lead and manganese linseed

oil plasters, differing widely in composition and mode of

manufacture.

2. Solutions in turpentine or benzine of lead resinate and

manganese compounds.

3. Solutions in drying oils, generally linseed oil, of lead

resinate and manganese compounds.

4. Solutions in turpentine of so-called hard resins, or

even of rosin.

Of these, only the first three can really be regarded as

driers ; solutions of hard resins and rosin can impart no

drying power, and should not he sold by reputable makers.

Terebines vary greatly in colour and consistency,—in

colour, from pale yellow to dark brown ; in consistency the

variation is not so great, it lies between that of a liquid

almost as mobile as turpentine and that of varnish. In former

years consumers demanded thick terebines, which, however,

were generally not clear, and left much to be desired in

drying capacity. Now only thin terebines are made, which

contain the linseed oil lead or manganese plaster completely

dissolved. Terebine should possess the following properties :

—

1. The colour should be as pale as possible, so that white

paints are not tinged and given a brownish hue. The colour

of the terebine is unimportant in the case of dark paints, and

it should be remarked that dark varieties, as a rule, possess

far greater drying powers than pale.

2. The consistency should lie within the limits mentioned

above, yet it may easily occur that a thin terebine has far
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greater drying power than a thick preparation, since this

property depends upon the complete solution of the lead and

manganese compounds.

3. Clearness.—Every terebine, pale or dark, should be

clear ; turbidity is due to undissolved or separated compounds,

which possess no drying power.

4. Drying power.—Thi^ is the most important property

of a terebine ; it varies in an extraordinary degree according

to the composition and the care with which the manufacture

is conducted. The opinion as to the manner in which this

property is to be tested varies to a similar extent. The

terebine is required to dry in thin layers upon metal or

glass within 15 minutes, others extend the time to an hour,

others again determine the time required to dry when the

terebine is mixed with ochre to the consistency of cement,

i.e. to become so hard that the mass can be separated from

the surface beneath, and so on. All these tests give no

correct estimate of the drying power, for a terebine which

does not answer to them may possess remarkable drying

power, and, on the other hand, a preparation which completely

answers these requirements may turn out to be a bad drier,

which w^ould be the case with solutions of the hard resins. The

only safe method for testing the activity of a terebine is to mix

it in a definite proportion with tanked or filtered linseed oil,

to spread out the mixture upon metal or glass in a thin. layer

after the turbidity has settled, and to observe the time the

oil requires to dry. In general it would be required of a good

terebine that linseed oil, when mixed with 5 per cent., should

dry within 2 4 hours ; if the oil dries in a shorter time and

with less terebine, the preparation is of better quality, but if

more than 24 hours are reqviired, or larger quantities of the

terebine, the quality is to be regarded as unsatisfactory.

Terebines, as we have seen above, may be divided into

three classes ; the preparation of those belonging to the first
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class, made from lead or mangauese plaster, will alone be

given in detail. In regard to the two other classes, we shall

merely give a method for preparing the solid compounds, since

the method for obtaining terebine from these only requires a

simple process of solution with the application of heat.

Terebine from linseed oil and lead and manganese

compounds.—As we have already seen, terebines are solu-

tions of linseed oil lead or manganese plasters in turpentine.

In the first place, we must consider the correct and appro-

priate method of obtaining the intermediate product. The

principle of the process is very simple : linseed oil is boiled

with substances containing the correct quantities of lead or

manganese oxides for so long and at such a temperature that

a plaster results, i.e. until the linseed oil has reacted with the

metallic compounds to form a solid friable mass, slimy in places,

which dissolves completely in solvents, especially in turpentine,

producing a solution which in clearing forms very little deposit,

which latter should contain no metal. The quantity of this de-

posit dependsupon the lead and manganesecompounds employed;

if these contain valueless substances in addition to the active

constituent, the former will make the oil thick ])ut will not act

upon it, so that a larger deposit will be formed than when sub-

stances are used which contain only oxides or their compounds.

The substances which are principally used in the prepara-

tion of terebines are

—

Zead compounds.—Litharge, red lead, white lead, lead

acetate

;

Manganese compounds.— Manganous borate, manganic

hydrate, manganese resinate, pyrolusite.

Formerly there were also used: low qualities of white lead

(containing chalk or barytes), umber, and shale brown (con-

taining manganese). These substances are no longer used,

since they make the oil unnecessarily thick without producing

a proper action, and since the finished product brightens with
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difficulty. Even pyrolusite has almost gone out of use, be-

cause manganic hydrate, on account of its purity, gives consider-

ably better results. All the substances mentioned must be as

free from water as possible ; if it can be arranged, they should

be exposed in thin layers for several days at a temperature of

25° to 30° C, so that any moisture may be given off. Sugar of

lead, which contains large quantities of water of crystallisation,

is treated in a special manner in order to remove this water.

It is melted in an enamelled iron pan over a moderate fire, and

heated at about 120° C, with constant stirring, until the water

is almost entirely driven off and the liquid begins to produce

a powder. It is then poured out upon plates, allowed to cool,

powdered, and preserved in closed vessels. It is important not

to raise the temperature far above 120° C, otherwise the acetic

acid will decornpose, which is not the intention. If ordinary

crystallised lead acetate be used, as is even now frequently the

case, decomposition occurs in the finished product on account

of the action of water, and the whole batch is made unsaleable.

The cause of this decomposition is unknown to many manufac-

turers, since tliey are not acquainted with the materials and

principles of the process.

The quantities of the lead and manganese compounds,

which are used in preparing terebine, vary to an extraordinary

degree. As a rule, the driers, as they may briefly be desig-

nated, are combined, i.e. a certain (piantity of the two lead

oxides is used together with a definite but small amount of

the manganese compound. The reason for the use of dif-

ferent (|uantities of driers is that the same temperature is not

always employed. If a smaller quantity of driers be used,

suitable plaster is obtained in a short time at high tempera-

tures, at which the reaction takes place rapidly ; if larger

quantities of driers be used at a lower temperature, a longer

time is required to effect their combination with the linseed

oil. Very divergent opinions are held as to which is the
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better method ; the author's experience has taught him that

smaller quantities of driers, a high temperature, and conse-

quently a rapid reaction, produce a much better product than

long boiling. In this way he obtains a terebine which clears

quickly, dries well, and communicates good drying powers to

oil. Terebines made at a low temperature clear slowly ; they

dry well, but communicate less drying power to oil. The

last mention.ed is the most important property of terebine.

The quantity of the lead and manganese compounds used in

the preparation of terebine should be 70 to 90 per cent, of

the weight of the linseed oil.

The vessels for the manufacture may be chosen as

desired ; the fuel may be charcoal, coal, or gas, according to

local conditions. Steam can be used only when superheated

;

steam at ordinary pressures would not produce the requisite

temperature, and too long boiling would be necessary. Small

pans, capable of being moved by two men, are more advan-

tageous, since the boiling mass frequently froths up, when

the pan must be removed from the fire. The cooling

of large pans built in brickwork is difficult to accomplish,

on account of the heat retained by the setting. What-

ever form of pan is used, its capacity must be at least

six times the volume of the linseed oil and driers to be

heated 'in it.

In preparing the liquid driers obtained from linseed oil

and metallic oxides, the solvent naturally plays an important

part, and it will not be superfluous to make a few remarks

in this connection in order to make clear the points which

must be considered. Linseed oil lead plaster, the essential

constituent of all terebines which are not simple resin solu-

tions, is, according to the method of preparation, either sticky

or friable with a certain degree of softness ; it requires a

long time to become really hard. In order to convert this

lead plaster into a liquid drier, it must be diluted with a

19
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solvent whilst it is still liquid, which is the usual method, or

it must he dissolved later on with the application of heat.

The solvents used for this purpose are turpentine of various

sources, petroleum distillates (benzine) of various densities and

volatilities, or coal-tar distillates—benzene, toluene, solvent

naphtha, etc. In consideration of the large quantity of

this solvent employed, which frequently amounts to 4 to 6

times the quantity of linseed oil used for the plaster, it is

of interest to know whether it plays any part in the drying

process or merely volatilises. In regard to (spirits of)

turpentine, which is used as a solvent almost exclusively at

the present time, in spite of its high price, the action of

light and air must be considered. It should be stated,

however, that the above-mentioned petroleum and coal-tar

distillates "are likely to restrict the use of turpentine on

account of their low price. Turpentine adulterated with these

distillates and turpentine substitutes, composed essentially of

them, are at the present time important articles of commerce.

Turpentine (spirits of) rapidly changes on standing in the

air in open vessels, especially in the presence of light ; it

becomes thick, the specific gravity and boiling point rise, the

solubility in 9 per cent, alcohol increases ; at first neutral, it

becomes acid ; it resinifies and, as the technical expression

runs, turns rancid. Formerly such turpentine was termed

ozonised, since it has strong oxidising properties. All these

changes are due to slow oxidation by the oxygen of the air.

Normal American turpentine, 0'867 specific gravity, after

standing for 7 weeks in a closed bottle partially filled with

air, had the specific gravity 0"897, and gave a clear solution

with 3 to 5 volumes of 90 per cent, alcohol, whilst the

original substance required 6 volumes. Another sample of

American turpentine had, after long standing, the specific

gravity 0"913, and gave a clear solution with 3 volumes of

90 per cent, alcohol. A sample of French turpentine, after
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keeping for 4 years in a tightly corked bottle, not quite filled,

altered in the following manner :

—

Original normal After four

Turpentine. Years.

Specific gravity . . . 0"871 1009
Optical rotation . . . - 29° 55' -19° 18'

Volume of 80 per cent, alcohol

required to form a clear solution 20 1

The oxidised oil was soluble in every proportion in 90 per

cent, alcohol.

The varieties of turpentine absorb oxygen in different

proportions, as is seen from the following table :

—

^'^ariety of

Turpentine.

French ....
Oxygen Absorption.

Volumes.

100

Eussian .... 100

Swedish . . . . 100

Swiss .... 89-4

American .... 78-9

Swedish, adulterated . 52-6

American .... 421
Eucalyptus oil . 75-0

Thus 1 c.c. of French spirits of turpentine, which is recognised

to be the best, can absorb 100 c.c. of oxygen.

Schonbein supposed that turpentine became charged with

ozone during the oxidation, the oxygen of the air being

changed by the turpentine into the acid modification. More

recently, Kingzett, Bardsky, and Papasogli have shown that

oxidised turpentine contains no ozone, but hydrogen peroxide.

Loew showed that turpentine, oxidised in the presence of

moisture, contains other substances in addition to hydrogen

peroxide, for it separates iodine from potassium iodide, which

is not a property of hydrogen peroxide. This action is rather

to be ascribed, as Kingzett had already assumed, to organic

peroxides, which decompose with water in such a manner

that hydrogen peroxide is finally formed, apparently with the



292 DRYING OILS

intermediate production of liydrated peroxides. The explana-

tion of these processes has been given recently by Engler and

Weissberg, who showed that when al^solutely dry turpentine is

made " active," neither hydrogen peroxide nor ozone is formed.

They also showed that turpentine makes oxygen " active " most

rapidly at 100° C, and that above 100° C. no " active " oxygen

is formed, but instead the " active " oxygen is used to oxidise

the turpentine.

Turpentine, charged with oxygen in the presence or

absence of moisture, is able to transfer the oxygen to sub-

stances not directly oxidisable by the oxygen of the air, thus,

as has been stated above, iodine is separated from potassium

iodide, also indigo solution is bleached, and arsenious acid

oxidised to arsenic acid. " Active " turpentine retains its

properties for years when kept in the dark.

The products of the oxidation of turpentine are not well

known. It has been shown with certainty that formic, acetic, and

camphoric acids are formed. A small quantity of an aldehyde,

corresponding in composition to camphoric aldehyde, has been

found : it possesses an overpowering odour, and is apparently

the cause of the similar odour of " rancid " turpentine. These

oxidations and alterations of turpentine take place more rapidly

when heated air saturated with water vapour is passed through.

By the action of direct sunlight upon moist turpentine in

the presence of air, or better, of oxygen, pinol hydrate is formed,

which crystallises in leaflets or needles, according to the

solvent; its inactive modification melts at lol° C.

By these scientifically ascertained facts it is clearly

shown that turpentine is in a high degree capable of absorb-

ing oxygen and again giving it up, as in the drying of varnishes,

terel)ines, and paint, thus acting as an oxygen carrier. The

action of turpentine as an oxygen carrier is very clearly

shown by the case detailed below. In the previous year

a manufacturer of oilcloth appealed to the author for an
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explanation of the following phenomonen :—A marble oilcloth,

varnished by hand, was white ; whilst, when the same varnish

was applied with the machine, the yellow shade which

appeared on application was not lost, but the cloth remained

yellow. There was no difficulty in explaining the cause,

since it was known that in varnishing by hand the varnish

was diluted with turpentine, but in varnishing with the

machine, with benzine. This explanation was not given at

once, since it would have been received with doubt by the ex-

perienced manufacturer and by his foreman of 3 5 years' stand-

ing. The author had samples made by hand and by machine,

the varnish being diluted in each case with turpentine. The

coats of varnish made with turpentine became colourless,

whilst the varnish diluted with benzine remained as yellow

when dry as were all the samples immediately after applica-

tion. Thus only the absorption of oxygen by the turpentine

could have caused the bleaching of the yellow varnish, and

there is no doubt that this oxygen absorption has a con-

siderable influence upon the drying and hardening of varnishes

and terebines, and that account must be taken of this influence.

Ten years before, when the first turpentine substitutes were

introduced, the author showed that varnishes made from them

dried far more slowly than those made with turpentine, the

varnishes being otherwise quite the same.

The substitutes for turpentine, which generally consist of

benzine, rosin spirit, solvent naphtha, camphor oil, and larger or

smaller quantities of turpentine, or even of these hydrocarbons

mixed with traces of an essential oil to improve the smell, may

be similar in specific gravity to turpentine, but an absorption of

oxygen can never occur; these substitutes therefore considerably

decrease the drying power. In this connection Lippert remarks

as follows:—Although the substitutes for turpentine—fractions

of petroleum and benzine—are objectionable in the first place

on account of their smell, yet it would be profitable to redistil
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them, considering the present high price of turpentine. By

redistillation the smell would be considerably although not com-

pletely removed, and the distillates, which are similar in specific

gravity to pure turpentine, would attain a tolerably high flash

point, so that the danger of fire would be diminished. It

would be supposed that varnishes diluted with these volatile

distillates would dry readily on account of the rapid evapora-

tion. But it has been found that when a varnish is diluted

to the proper consistency, on the one hand, with turpentine,

and, on the other, with benzine, tlie varnish containing tur-

pentine sets and dries off much more rapidly than the varnish

containing benzine, which even remains tacky for a long time.

Since benzine and petroleum can absorb no oxygen from the

air, whilst turpentine is capable of absorbing and also of

transferring it, also since we know from chemical analysis

that the oxidised compounds of linseed oil are not dissolved

by benzine, an explanation has been found for the bad drying

of varnish made from benzine.

Experiments, which were made with the object of preparing

cheap terebine by using volatile photogene in place of turpen-

tine, gave a negative result. The odour of this shale distillate

was indeed not too strong, and could be covered by the addition

of an essential oil of good perfume, but it w^as soon found that

not only was the terebine deficient in drying power, but that

a much larger " foot " formed than when turpentine was used.

Thus it appears that in the preparation of good terebines

from linseed oil lead plaster, the use of any other solvent is

excluded, and only the best turpentine should be used. Also,

so-called Eussian, Polish, German, and Finnish turpentines

should not be used ; these substances contain more or less

resinous matter, and have not exactly the same chemical

composition as other varieties of turpentine. They are

obtained, together with tar, l)y distilling pine roots (Finus

syhestris) ; these roots are very rich in resin, but they produce
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turpentine of small value, the penetrating smell of which

adheres to other substances, so that it is not suitable for the

preparation of good terebines. Even the turpentines from the

same country, e.g. Finland, have all not the same composition,

as Aschan and Hjelt have shown ; one sample contained

pinene, sylvestrene, and dipentene, which latter constituent

was not found in other varieties. A turpentine from North

Finland, obtained from pine stems as a by-product in the

manufacture of pitch and wood tar, gave on distillation a

relatively small fraction between 160° and 170° C, whilst

3 2 "2 per cent, came over between 170° and 174° C, and

21 "5 per cent, between 174° and 178° C. Turpentine from

South Finland gave 7-1 per cent, at 155° to 160° C, 32-2

per cent, at 160° to 165° C, 22*6 per cent, at 165° to 170° C,

and 20'1 per cent, at 170° to 175° C. ; these distillates natur-

ally differ in chemical composition.

It is thus quite erroneous to regard all unadulterated

varieties of turpentine as of equal value ; it will be advisable

to reject Eussian, Polish, German, etc., turpentines for the

preparation of terebine, and to use only that variety obtained

by distillation with or without water from the resin which

flows naturally from trees.

Only these terebines which are made from rosin com-

pounds may be prepared from the lower qualities of turpen-

tine, since in this case only a cheap substance is required, of

the activity of which large demands are not generally made.

The following directions may be given for the manufac-

ture of terebines in general :—The linseed oil and powdered

driers are placed in the pan and the heating commenced,

whilst the materials are stirred from the beginning without

interruption, so that they cannot settle and burn upon the

bottom of the pan. With sufficiently intense heat the liquid

begins to evolve bubbles in a relatively short time, and then

becomes somewhat thicker ; very soon afterwards a change in
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colour occurs, and the mixture froths up, when the pan must be

taken off the fire or tlie latter be removed. The frothing and

thickening of the mass take place very rapidly ; the stirrer

must be used on the surface so that the mixture does not

come over. In tlie meanwhile the colour has darkened ; when

red lead is used it changes from red to a dark bronze brown,

with other driers, to yellowish white or pale brown. A test

is taken out and allowed to cool upon metal or glass ; when

cold it should be hard and breakable, it should not be soft or

sticky ; if the latter is the case the heating is continued until

the necessary hardness is attained.

With a good fire the combination of the linseed oil with

the driers takes place very rapidly, even when relatively

large (piantities of tlie latter are used ; with a slow fire the

process lasts longer and is less violent, on which account the

slow process is preferred when large pans are used. Terebine

may also be made in the steam-jacketed pan described in the

chapter on boiled oil, but it will not be paler than terebine

made over the fire witli the same quantities of driers.

Formulae for terebines—
(1)7 kilos, of tanked linseed oil.

2 ,, red lead.

2 ,, ground litharge.

1 ,, sugar of lead.

(2) 7 kilos, of tanked linseed oil.

2 ,, shale brown.

2 ,, pyrolusite.

1 ,, red lead.

(3) 7 kilos, of tanked linseed oil.

(i)

9 dehydrated sugar of lead.

red lead.

7 kilos. of tanked linseed oil.

1 „ umber.

1 „ shale brown.

1 „ pyrolusite.

1 „ dehvdrated sugar of lead.
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(5) 7 kilos, of tanked linseed oil.

3 „ pure white lead.

1^ „ fused sugar of lead.

(6) 7 kilos, of tanked linseed oil.

2 „ nianganous borate.

2 ,, dehydrated zinc sulphate.

(7) 7 kilos, of tanked linseed oil.

2 „ manganous borate.

1| „ dehydrated sugar of lead.

The process is the same with all these mixtures ; when the

boiled mass has somewhat cooled, 14 to 17 kilos, of tur-

pentine are added whilst stirring. The terebine is then filtered

through coarse cloth and tanked, so that it may brighten com-

pletely. The consistency, when the above-given quantity of

turpentine is used, depends partially upon the strength, i.e.

hardness, of the linseed oil plaster, and partly upon its tem-

perature when the turpentine is added. If the mass is very

hot more turpentine is volatilised than when it is cooler ; the

consistency of the finished substance varies accordingly.

Varnish extract.—A thick brown substance made exactly

according to the preceding directions from

7 kilos, tanked linseed oil.

2 „ ground litharge.

2 „ red lead, the whole finally diluted with

4 „ boiled linseed oil.

Eiiglisli " Patent Driers
'"—

9*555 kilos, white sugar of lead.

35 '055 ,, powdered litharge.

47*805 ,, zinc sulphate.

216-750 „ Paris white.

216-750 „ barytes.

106 550 ,, raw linseed oil.

The first three materials in very fine powder are placed in

a vessel containing 1 8 litres of oil ; the mixture is allowed to

stand 1 to 2 days, then well mixed, and 41 litres of oil added.
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After standing 2 to 3 days the mixture is again well stirred,

and 4i litres of oil added. In 10 to 14 days the mixture is

ready, it is then ground with the Paris white, etc.

A formula for " Patei.it Driers
"

(I) (11) (III)

Barytes . 102 102 127-5

Paris white 102 76-5 127-5

White sugar of lead . 12-750 19-20 19-12

Powdered litharge 25-50 12-75 19-12

Zinc sulphate . 25-50 9-55 12-75

Dry white lead 25-50 12-75 14-57

Boiled linseed oil 51-00 38-25 51-00

Nothing is said as to the method of preparation.

Terebine.—This name is applied to a liquid drier which

is still thinner tlian the liquid siccatives ^ ; it is, how^ever,

nothing hut linseed oil lead and manganese plaster dissolved

in much turpentine, with an addition of copal. It is prepared

as follows :—In a suitable pan are melted 2 kilos, of Manilla

copal, or 2 kilos, of amber (for dark terebine), or 2 kilos, of

Sierra Leone copal (for pale terebine). Then Q-o kilo, of linseed

oil is added, and G kilos, of one of the above-mentioned solu-

tions of linseed oil lead plaster in turpentine, finally 14 kilos,

of turpentine are introduced with constant stirring. The

colour of the product varies according to the colour of the

lead plaster and of the fused copal. Good terebine is fluid

like turpentine, clear and transparent ; a layer should be com-

pletely hard and dry in 30 minutes at the longest.

A form ula for Terebine—
108 litres raw linseed oil.

17-3 kilos, flake litharge.

Boil 12 hours, and when cold enough mix with the turpen-

tine (([uantity not stated).

' See, however, note on pp. "284-5 as to use of the term "terehine" in this

country.
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Taflin's siccative.—E. 0. Tallin of Stockholm prepares

a siccative by dissolving manganese oleate in oleic acid ; the

product may be added to substances used in painting, such

as linseed oil and other drying oils. It may also be added

to varnishes made from any resin, in order to modify their

brittleness. If crude turpentine or rosin be added to the

drier, then a suitable solvent, such as petroleum or alcohol,

and a suitable dry material, such as infusorial earth or china

clay, together with a metalhc oxide, such as zinc white, or

also sulphur, a mass is obtained which well protects from

wet. When applied to a wet surface, the mass produces in

2 days a hard, shining coating ; it may also be mixed with

paints. The rosin may be replaced by asphaltum, to which

caoutchouc may be added.

LiNOLEic Acid Compounds of the Driers

The linoleates of lead and manganese have been used for

some time as driers in oil boiling. Use has long been made

unwittingly of the property of linseed oil to produce lead

and manganese linolates when treated with metallic oxides.

All boiled oil made by the old process with lead and man-

ganese compounds, also terebines made from linseed oil with

large quantities of lead, are nothing more than salts of linoleic

acid, dissolved respectively in linseed oil or in turpentine. The

metallic linoleates are applied exactly in the same manner as

the corresponding resinates ; they dissolve in linseed oil,

absorb oxygen from the air, and otherwise behave exactly

like the resinates, so that to treat them in detail would merely

be repetition. The linseed oil lead plaster, which forms the

basis of liquid driers, is simply lead linoleate with large

quantities of uncombined lead.

Preparation of lead linoleate.—100 parts by weight

of linseed oil are saponified by heating in a large iron pan
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with 15 parts of 77 per cent, caustic soda aud 250 parts of

water. The soap solution is then heated until it is quite

clear. In another pan 60 parts of sugar of lead are dissolved

by heating in 200 parts of water; the linseed oil soap, preferably

diluted with a further quantity of water, is then allowed to run

in to tlie lead acetate solution. Lead linoleate separates ; it is

freed from the li(|uid, repeatedly washed with hot water, dried,

and then powdered. Occasionally it is fused in a pan with the

addition of a certain quantity of finely ground litharge.

Manganese linoleate is obtained by precipitating the

linseed oil soap solution, made as in the preceding paragraph,

by a hot solution of 60 parts of manganous chloride in 200

parts of water, and treating the precipitate in a similar manner

to the lead linoleate.

Lead-manganese linoleate, which is much used as a drier, is

a mixture of 3 parts of lead linoleate and 1 part of manganese

linoleate, made by fusing the constituents in a pan to a uniform

mass.

The Metallic Eesinates as Driers for Linseed Oil

Since the metallic resinates, in particular the manganese

compounds, were introduced into the preparation of linseed oil

for painting, about 1 5 years have elapsed ; during this period

their use has continually increased, and they have largely dis-

placed the older driers—pyrolusite, litharge, red lead, and lead

acetate—in the manufacture of boiled oil. When they were

first used objections were raised; in the introduction of resinates,

an essential adulteration of boiled oil was perceived. But in a

short time a more correct comprehension of tlie matter prevailed;

it was seen that boiled oil, which contained 1 to 2 per cent, of

a rosin compound, could not be described as " adulterated with

rosin." The ready solubility of these substances in linseed

oil, even in the cold, their remarkable powers of transferring
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oxygen from the air to the oil, which are not even approxi-

mately reached by any other manganese or lead compound,

and the small formation of foot, have caused them to obtain

so speedy an introduction into the manufacture of boiled oil

that to-day nearly all boiled oil contains resinates.

The only resinates employed for this purpose are those of

lead and manganese, the resinates of other metals, such as

copper, barium, and iron, cannot transfer oxygen to linseed

oil, and thus are quite useless if they do not contain lead or

manganese in addition to the other metal.

The percentage of metal, with which the rosin acids are able

to combine, is, in manganous compounds, about 8 "3 per cent,

of manganese ; in manganic compounds, about 5 '5 per cent.

;

and in lead compounds, about 3 1 "4 per cent, of lead ; thus

these compounds contain on the average the following pro-

portions of metal :

—

Manganous resinate . 7*7 per cent, of manganese.

Manganic ,, . 5*3
,, ,,

Lead „ . 24*0 ,, of lead.

The proportion of metal varies on account of differences in

the raw materials, and further complications arise through

different methods of preparation, which make the value of a

theoretical view of these entirely technical products doubtful

in the extreme.

The metallic resinates are prepared by two different pro-

cesses— (1) by fusing rosin with the corresponding metallic

oxide, and (2) by precipitating the alkaline rosin solution

with a solution of the corresponding metallic salt. According

to Weger, in the products obtained by fusion (erroneously

called fused siccatives) the combination of the rosin acids

with the metallic oxide, or the saponification of the ester

by the latter, generally does not take place so regularly

as the neutralisation of caustic soda by hydrochloric acid.
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The reaction may stop at a certain stage ; in addition, decom-

position occurs owing to the high temperature, and when

manganese compounds are used, oxidation ; finally, it is not

known whether the manganese is present as manganous or

manganic oxide, or in hoth states. When the resinates are

precipitated in the w^et way these hindrances disappear, hut at

the same time the possibility of the formation of basic salts

arises, which may also occur with fused resinates. The drier

is required to be completely soluble, and to contain the metal

in chemical combination with the organic acid, and not

partially suspended as oxide. The total quantity of mineral

matter cannot be taken as a measure of the value, since the

metallic constituents (PbO, Mn^Og, MnCOg, CaO, CaCOg, etc.)

which remain suspended when a soluble drier is used, are not

only completely valueless, since they cannot act at the low

temperature at which the oil is treated, but form a foot and

turbidity which directly impair the quality of the oil. Thus

the value of the drier is indicated by the proportion of metallic

oxide, chemically combined with the rosin acid, and soluble in

linseed oil at a temperature not exceeding 120° C. If, on

the one hand, it is not desirable that soluble driers should

contain uncombined mineral matter, on the other hand, little

uncombined acid should be present, since the presence of free

acid must diminish the proportion of active drier in the

preparation. Thus, when insoluble lead and manganese are

absent, the higher the proportion of soluble metal the better is

the drier, and the smaller cpiantity is required to make linseed

oil dry.

Experiments made by Weger on both a small and large

scale, wath the products of different works, have shown that

fused manganic resinate rarely contains more than .')'2

per cent, of soluble manganese, precipitated manganous

resinate rarely more than 6 per cent., and 7 per cent, only

in exceptional cases. The lead-manganese resinate, which is



ANALYSIS OF RESINATES 303

most extensively used, comes into commerce under various

fantastic names, and of the most varying composition. The

best proportion of lead to manganese appears to be 5:1.

The preparations of the best manufacturers agree tolerably

on this point, as on most others ; they contain 8 to 9 per cent.

of soluble lead, and 1'5 to 2 per cent, of soluble manganese.

If an exceptionally high percentage of soluble lead or man-

ganese be found, it will be accompanied by much insoluble

metallic compoimd, which is quite absent from few samples.

In this case the drier will not form a clear solution, and

the percentage of soluble metal will be very little higher

than the figures given, so that in practice the advantage is

not great. In spite of this, preparations overloaded with

insoluble lead or manganese come continually into the market,

and indeed more frequently than those which contain too much

free rosin. Insoluble oxides and free rosin are, however, not

mutually exclusive in the fused driers ; they may occur to-

gether, which indeed is generally the case. On the other hand,

driers of this class, adulterated with rosin, should not occur

;

low qualities, which contain more free rosin than is necessary,

are certainly found, but they can hardly be regarded as in-

tentionally adulterated, since it is difficult to draw a strict

limit. Also there would be no great profit to the manufac-

turer in adulterating resinates.

In the analysis of soluble driers anhydrous ether is used

to dissolve the manganese compound, and chloroform to dis-

solve lead resinate ; the latter is soluble in turpentine, but

is soon separated again. The solubility of the resinates in

ether or chloroform respectively is parallel with the solubility

in linseed oil, with the single difference that it is complete in

the cold ; thus the matter insoluble in cold ether or chloroform

is also insoluble in warm linseed oil, and is valueless or even

harmful. In the analytical estimation of the soluble com-

pounds the drier is incinerated ; the organic matter is thus
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destroyed. There is no object in weighing the residue, since

tlie resinates often contain sand, and lead would also be

present partly as metal and partly as oxide. In regard to

the separation of lead and manganese little need be said, the

latter is estimated volumetrically by potassium permanganate.

If considerable ([uantities of calcium are present in addition

to lead and manganese, after removal of the lead, the man-

ganese and calcium are estimated together gravimetrically as

carbonates, the manganese then titrated, and lime found from

the difference.

When the total percentage of lead and manganese

has been determined, the insoluble lead and manganese

are found by dissolving in ether or chloroform, filtering,

washing, incinerating the filter, etc. The soluble manganese

is found from the difference ; the result is controlled by measur-

ing an aliquot part of the ethereal solution, evaporating the

solvent, incinerating, etc. The soluljle lead can only be found

by difference, since the chloroform cnnnot be completely

evaporated from the rosin solution, it escapes only at a red

heat, when the greater portion of the lead volatilises as lead

chloride.

Preparation of fused manganese resinate.—In manu-

facturing this substance a large iron pan is used, provided if

possible with a mechanical stirrer, and heated over a fire.

The flames should play only upon the bottom of the pan, in

order to avoid overheating and the consequent decomposition

and danger of fire.

Proimrtions—
Eosin . . . . . 100 kilos.

Manganous hydrate . . 10 ,,

The rosin is introduced first into the pan ; when it has

melted and attained a temperature of at least 150° C. the

introduction of the manganous hydrate is commenced ; this
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substance must be in fine powder. It is introduced gradually,

and the temperature raised to 200° to 220" C. ; when all the

manganous hydrate has been added, the heating is continued

until the froth has fallen and only a thin scum remains on

the surface ; a deposit of undissolved manganese compound

should also not be present. The contents of the pan are drawn

off into the barrels in which the resinate is to be despatched.

The manganous hydrate may be obtained from chemical

works, or made according to the following method:—500

kilos, of manganous chloride solution of 14|-° B. (manganous

chloride dissolved in 4 parts of water) are heated to 80" C.

;

180 kilos, of caustic soda liquor of 25° B. are also heated to

80° C, allowed to run into the manganese liquor, and the

mixture heated to boiling. The precipitate is washed once with

water, allowed to settle, pressed as closely as possible, and dried

in thin layers in the air. It is finally ground to a very

fine powder in a suitable mill.

Preparation of precipitated manganese resinate.—
The process by which this substance is made is essentially

simple, but if the product is to be completely soluble it

demands great care, and in particular a proper choice of the

raw materials, upon the nature of which much depends. Large

sheet-iron vessels, heated by steam, with mechanical stirrers,

are most suitable for the dissolving and precipitating processes
;

tlie precipitate is best treated in a filter-press, it must be

dried in a heated room. The mass, which becomes friable

when dry, is ground by a disintegrator completely surrounded

by a wood or iron casing.

Proportions—
100 kilos, rosin.

55 ,, caustic soda solution of 25° B., diluted with

345 „ water.

50 ,, crystallised manganous chloride dissolved in

200 „ water (giving a solution of 14^° E.).

20
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The caustic soda solution is first boiled and the rosin then

introduced in small quantities whilst stirring. The heating is

continued until the yellow foam has disappeared from the

surface of the liquid, when 600 kilos, of boiling water are

added, so that the 100 kilos, of rosin are now contained in

1000 kilos, of water. Evaporated water should be replaced,

so that at the end of the dissolving process 1000 kilos, of

water are still present. Such a dilute solution is necessary

for the success of the operation.

The hot manganous chloride solution, at 14|° B.,

prepared in another pan from 50 kilos, of manganous chloride

and 200 kilos, of water, is then allowed to flow slowly into

the rosin solution with continual stirring. The mass at once

becomes thick and difficult to stir; it is again heated up to

100° C. ; it then becomes thinner, and the manganous resinate

separates from the liquid. The aqueous solution is drawn off,

the precipitate washed at least twice by introducing fresh

water and heating up to 100° C, and finally removed from

the pan. It is then freed from water as far as possible under

a press, dried, and ground to fine powder.

The water used in this process should give no precipitate

with alum, and the manganous chloride should be free from

iron. By a large number of experiments it was determined

that it is necessary to use exact quantities and Greenbank 98

per cent, caustic soda (Greenbank Alkali Works, St. Helens),

and also to use a considerable excess of manganous chloride,

otherwise the solution of the product, although at first clear,

will afterwards give a large deposit. The complete solubihty

of the resinate in turpentine and benzine depends upon

retaining the proper proportions, and using English caustic

soda.

Preparation of lead resinate.—(1) 100 parts of rosin

are melted in a suitable pan. When quite fused 12 parts of

litharge are gradually added in small quantities with continual
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stirring, which must be continued at a gentle heat until the

litharge is completely dissolved ; the pan is then allowed to

cool. The finished product is somewhat darker than the

original rosin.

(2) 100 parts of rosin are brought into a pan with 160

parts of water and 15 parts of 77 per cent, caustic soda.

The mixture is boiled until the rosin has completely dissolved

and a clear solution of rosin soap has formed. At the same

time 100 parts of sugar of lead are dissolved in 420 parts of

boiling water; to this solution the rosin soap is now added,

when thick masses of lead resinate are precipitated, which are

washed with water, filtered off, and finally dried.

Preparation of lead-manganese resinate.—This sub-

stance is obtained by melting 100 parts of rosin with 6 parts

of litharge and 2 parts of manganic hydrate in a manner

similar to that used in the preparation of lead resinate.

Drier produced by Fertiliser Works.—This drier, the

activity of which may be increased by adding a manganese

salt (about 1 per cent, of pure manganous borate), is obtahied

by precipitating 70 parts of superphosphate of lime and

20 parts of superphosphate of magnesia with soda. The

precipitate, which is an intimate mixture of the phosphates

of lime and magnesia, is extremely fine, and when dried at a

moderate temperature forms a pale hygroscopic powder which

exerts considerable drying power when added to linseed oil.



CHAPTER IX

THE ADULTERATION AND EXAMINATION OF THE
DRYING OILS AND BOILED OIL

All the drying oils and the siil)stances made from them

—

boiled oil, printers' varnish, and liquid driers—are frequently

subjected to adulterations of various kinds, which is the more

safely done since these substances come into the hands of

customers who are not in a position themselves to test them by

simple methods, or to have them tested in a laboratory, since

the cost would be high in proportion to the advantage gained.

There is another reason, that chemists not specially skilled in

the examination of oils would, in certain cases, have difficulty

in determining whether a substance contained foreign additions.

The adulterants of the drying oils have been mentioned

in Chapter II. in describing the individual oils, and it may

here be stated that adulteration occurs much more rarely in

wholesale dealings than would be supposed. On the other

hand, products which have passed through three or four hands

are far more frequently adulterated than is generally imagined.

This is quite natural when we consider that an examination

for adulteration is much less likely to Ije made, since it is

certainly true that the small consumer possesses too little

knowledge of the materials in question.

The following articles are adulterated :

—

Drying oils.—
Linseed oil with non-drying oils (when the price admits), rosin,

rosin oil and mineral oils (especially debloomed). Poppy oil

and walnut oil with bleached linseed oil, but not with

other fatty oils or with mineral oil. Hempseed oil is not
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exposed to adulteration, neither are sunflower oil and grape-

seed oil , on the other hand, Chinese wood oil is adulterated

with other native oils of less value.

Boiled oil with rosin, rosin oil, solutions of rosin soaps in

benzine or petroleum, and with mineral oils, especially with

debloomed oils and blown thick mineral oil.

Printers' varnish with rosin, rosin oil, and thickened blown

mineral oil.

The drying oils are examined in regard to physical

constants, which may be regarded as characteristic, specific

gravity and boiling point, the estimation of the oxygen

absorption when exposed in thin layers to air, and at the

same time their property of drying to a solid skin. The

reactions, of which there is a large number, proposed for

detecting the various oils, especially when mixed with

others, have been found in the course of time to be

unreliable and to give contradictory results, because they

depend on particular conditions. This is especially the case

with the majority of the colour reactions produced by the

action of sulphuric and nitric acids upon the different oils.

Also the differences in the rise of temperature caused by the

addition of strong sulphuric acid to the fatty oils are not

sufficiently well defined. On the other hand, quantitative

methods of examination have been successfully used in

distinguishing the various oils ; to these belong the acid value,

saponification value, ether value, Reichert-Meissl value,

Hehner value, the acetyl, bromine, and iodine values, the

importance of which is yet to be generally recognised.

The physical constants of those drying oils which are of

technical value are given in the following tables :

—

Candle-nut oil—
Specific gravity at 15° C. . 0-920-0-926 (de :Xegri).

Solidifying point . . . - 18° C. (Oil extracted

by petroleum ether remains fluid at this temperature.)
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Hempseed oil—
Specific gravity at 15° C. . 0"9268 (liot pressed oil).

„ „ „ . . 0'9250 (cold pressed oil).

„ . . 0-925-0-9276.

Solidifying point : becomes thick at - 15° C; solid at - 27°"5 C.

Chinese icood oil—
Specific gravity at 15° C. . 0-932-0-9413.

Solidifying point . . . not given.

Linseed oil—
Specific gravity at 15° C. . 0-9325-0-9347.

Boiling point . . . 320° C.

Solidifying point : according to Gusserow, the oil becomes

solid after several days at - 16° C. ; according to Chateau,

- 27° C. ; it melts at- 16° to -20° C. (Glassner).

Poppy oil—
Specific gravity at 15° C. . 0-924-0-962.

Solidifying point . . . — 18° C.

Walnut oil—
Specific gravity at 15° C. . 0*9260 (hot pressed).

„ „ „ . 0"9250 (cold pressed).

Solidifying point : is still fluid at - 1 5° C, and begins to thicken

at - 17° to - 18° C. ; forms a transparent mass at — 24° C,
and solidiKes at — 27° to - 28° C. to a hard white fat.

Castor oil—
Specific gravity at 15° C.

Solidifying point .

„ „ (American oil)

Sunfiowerseed oil—
Specific gravity at 15° C.

Solidifying point .

Grapeseed oil—
Specific gravity at 15° C.

Solidifying point .

0-960-0-963.

- 17° to --18" C.

-10° to --12° C.

0-924-0-9 26.

-17° C.

0-920:2.

-12° C,
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Deviations from these figures frequeucly occur, due to

the nature of the seed, the manner in which the oil is

obtained, and its age, so that they must always be re-

garded as only approximate for the different varieties of

the same oil.

The specific gravity of the drying oils may be deter-

mined by means of the pykuometer, Sprengel's tube, or

Westphal's hydrostatic balance. Sprengel's apparatus is a

U-tube, the two arms of which terminate in capillary tubes bent

at right angles at each side. The tube is completely filled

with the oil, one end being dipped in the liquid, and the air

sucked out from the other end. The tube is then brought

into a water bath at a constant temperature ; the oil which

flows out is wiped away with filter paper. When the expansion

of the oil ceases, the tube is taken out of the water bath,

cooled, and weighed. The specific gravity may then be

calculated, if the weight is known of the empty tube and

of the tube filled with water.

Westphal's balance is shown in Fig. 42 ; the thermometer

replaces a known volume of oil, so that the loss in weight is

the weight of this volume of oil.

The chemical constants are :

—

1, The acid vahie, which indicates the number of milli-

grammes of potassium hydroxide required to neutralise the

free acid in the oil. It is determined by titrating the oil

dissolved in alcohol by alcoholic or aqueous potash solution.

2. The saponification value, which was worked out by

Kottstorfer, and is also known as Kottstorfer's value. It is

determined as follows:— 1'5 to 2 grms. of the oil are treated

with 25 c.c. of semi-normal alcoholic potash on the water

bath for 15 minutes. When the saponification is finished,

1 c.c. of alcoholic phenolphthalein solution is added, and the

liquid titrated with semi-normal hydrochloric acid. A blank

experiment is then made with 25 c.c. of alcoholic potash in
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a similar manner. The difference between the number of

miUigrammes of potassium hydroxide used and the number

found in titrating back after the saponification is calculated

to 1 grm. of oil. The result is the saponification value.

In America and in England the weight of oil saponified by

1 equivalent (56"1 parts) of KOH is termed the saponification

equivalent.

3. The ester value gives the number of milligrammes of

Fig. 42.
—

"Westiilial's Balance.

potassium hydroxide required to saponify the neutral oil in

1 grm. of the sample.

4. The Picichert-Mcissl value gives the quantity of volatile

fatty acids contained in the oil. It is expressed by the number

of cubic centimetres of deci-normal potash required to neutralise

the volatile fatty acids, soluble in water, obtained from 5 grms.

of oil (formerly 2 "5 grms.). 5 grms. of oil are saponified with

2 grms. of solid caustic potash and 60 c.c. of 70 per cent, alcohol
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in a 200 c.c. flask upon the water bath. The alcohol is evapor-

ated, the residue dissolved in 100 c.c. of water, and distilled

with 40 c.c. of 10 per cent, sulphuric acid; 110 c.c. of the

distillate are caught in a graduated flask, of which 100 c.c.

are filtered into a second graduated flask, and titrated with deci-

normal alkali in the presence of litmus or phenolphthalein.

5. The Hehner value gives the percentage of insoluble

fatty acids contained in the oil ; 3 to 4 grms. of oil are

saponified with 50 c.c. of alcohol and 1 to 2 grms. of caustic

potash. After removal of the alcohol, the soap is dissolved in

100 to 150 c.c. of water, and sulphvmc or hydrochloric acid

added. The fatty acids are melted, and the mixture filtered

through a paper dried at 100° C. The acids are washed with

water until the filtrate is no longer acid.

, 6. The acetyl value gives the quantity of hydroxy-fatty

acids or fatty alcohols contained in the oil. 20 to 50 grms.

of the non-volatile fatty acids are acetylated by boiling for

2 hours with acetic anhydride. The product is several times

boiled out with 500 to 600 c.c. of water, and the acids filtered

in the air bath. The acetyl acid value 'is then determined

by titration with aqueous semi-normal alkali, and the acetyl

value by saponifying with alcoholic potash and titrating back

with semi-normal hydrochloric acid.

7. Bromine and iodine absorjJtions.—The methods for

estimating the bromine and iodine absorptions give the per-

centage of bromine or iodine taken up by the oil under con-

ditions designed to cause the exclusive formation of addition

products. The fatty acids of the acetic or stearic acid series

are saturated substances which can form no addition products

with bromine or iodine, whilst the acids of the acrylic or oleic

acid series can unite with 2 atoms of a halogen, and the

acids of the propiolic or linolic series with 4 atoms of a

halogen. The glycerides of the acids of these three series

behave similarlv to the free acids, so that the estimation
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of the percentage absorption of iodine measures the propor-

tion of olein to pahnitin and stearin in a fat, and also the

proportion of linolin in a drying oil, in comparison with the

olein in a non-drying oil.

The estimation of the bromine addition does not give

good results, whilst the estimation of the iodine value by

Hiibl's method gives constant results. Hiibl uses an alcoholic

solution of iodine and mercuric chloride ; 2 5 grms. of iodine

are dissolved in 500 c.c. of 95 per cent, alcohol free from fusel

oil, also 30 grms. of mercuric chloride are dissolved in a second

500 c.c. of alcohol ; the latter solution is filtered if necessary,

and the two solutions then mixed. After standing 12 hours

the solution is ready for use ; its strength must be determined

immediately before each experiment. The iodine value is de-

termined as follows :— 0"2 to 0"4 grm. of the oil is weighed off

and dissolved in 10 c.c. of chloroform. Then 20 c.c. of iodine

solution are added, and suljsequently a further 5 to 1 c.c, so

that the solution retains a dark brown colour after 2 hours

;

10 to 15 c.c. of a 10 per cent, aqueous solution of potassium

iodide and 150 c.c. of water are added, and the free iodine then

titrated by sodium thiosulphate solution (24 grms. per litre).

The absorbed iodine is then calculated into percentages of the

oil, the result Ijeing termed the iodine or Hiibl value. This

value appears to be approximately constant for each oil or for

each class ; it is highest for the drying vegetable oils.

To facilitate reference, the chemical constants of the dry-

ing oils have Ijeeu arranged in the following pages :

—

Candle-nut oil—
Melting point of the fatty acids . 20°-21 ° C.

Solidifying „ ,,

Saponification value

.

Iodine value ....
Iodine value of the fatty acids .

Refractoineter (Zeiss) at 15° C.

20°-21

13° C.

187 -4.

139-3.

144-1.

76°--75
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Hempsecd oil—
Melting point of the fatty acids 19° C.

Solidifying „ „ . .
15° C.

Saponification value.... 193-1.

Iodine value .... 143-0.

Iodine value of the free fatty acids 122-125-2.

Chinese wood oil—
Saponification value (Alkali Blue as

indicator).... 198-8,199-5,191-8,

191-0, 194.

Iodine value .... 107-6,108-4,156-1,

155-2, 165-7.

Acetyl acid value 187-6, 186-9, 173-.5.

Acetyl saponification value 206-4,204-1,214-6.

Acetyl value ..... 18-0, 41-1.

Refractometer..... l°-80.

IMelting point of the fatty acids 37^ C.

Solidifying „ „ . .
34° C.

Iodine value of the fatty acids . 150-1.

Acid ,, ,, ,,
191-0.

Linseed oil—
Specific gravity of the fatty acids at

100° C 0-8599.

Melting point of the fatty acids ir-12 C, 17° C.

Solidifying 13°-3 C.

Saponification value

.

189-195, 195-2.

Iodine value .... 158-0, 155-2.

Iodine value of the fatty acids . 155-2-155-9.

Pop2^y oil—
Melting point of the fatty acids 20°-5 C.

Solidifying 16°-5 C.

Hehner value .... 95-38.

Saponification value 194-6, 192-8.

Iodine value .... 136, 134.

Walnut oil—
Saponification value

.

196-197.

Iodine value .... 142-143.

Melting point of the fatty acids 20° C.

Solidifying
,,

16° C.
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Castor oil—
Melting point of the fatty acids 13° C.

Solidifying „ „ . .
3° C.

Saponification value.... 181-181-5,

Iodine value ..... 84-4.

Iodine value of the fatty acids . 86-6-88-3.

Sanflowersecd oil—
Saponification value.... 193-0.

Iodine value ..... 129-0.

Hehner value ..... 95-0.

INIelting point of the fatty acids 23° C.

GraiMsecd oil—
No data are available.

The estimation of the iodine vahie of linseed oil leads to

very varying resnlts ; without considering the older figures of

Hlibl and Moore, who obtained low results by using too small

an excess of iodine, the values vary between 170 (Bendikt),

171 (Lewkowitsch), 172 (Holde), on the one hand, and

187 (Thomson and Ballantyne), 188 (Williams), and 195

(Archbutt), on the other hand. Without doubt, part of this

difference is to be ascribed to estimations conducted in dif-

ferent ways. Tlius the smaller figures are often too low, since

the litre of the iodine solution has been taken after, instead

of before, the experiment. Another cause of low results lies

in allowing the reaction to proceed for too short a time, which

is of great influence in the case of linseed oil, which adds

iodine the most slowly of all oils, especially when the

Hlibl solution is not quite fresh. The differences are very

great.

It appears from the researches of Thomson and Ballan-

tyne and of Archbutt that differences between linseed oils

of different source must be taken into consideration, as

Lewkowitsch has again recently stated. Wijs, in order to

measure this influence, has determined the iodine values of a
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number of oils of known source by the method, proposed by

himself, with iodine chloride and glacial acetic acid. He finds

a connection between iodine value and specific gravity, as is

seen from the following collection of figures :

—

Specific gravity of 1 oil of iodine value above 200 . . 0'9352

Mean spec, gravity of 4 oils with iodine vakies 195 1-200 . 0"9339

4 „ „ 190-1-195-0 . 0-9329

4 „ „ 185-1-190-0. 0-9322

4 „ „ 180-1-185 . 0-9317

4 „ „ below 180-1 . 0-9310

The specific gravity was taken at 15° C. with water at the

same temperature as unity.

IODINE VALUES OF LINSEED OIL EXPRESSED
FROM MIXED SEED

Mixture of Seed.

Dutch, Meniel ......
Petersburg, Pernau, Konigsberg .

^ Viatka, J Petersburg, ^ Friesland

Viatka, Petersburg, Friesland

I Petersburg, i Friesland ....
^ North Russia, i Friesland

§ Azov, ^ Dorpat .....
yq La Plata, j^ Azov .....
^ Azov, ^ La Plata, ^ Calcutta, ^ North American

•| La Plata, ^ Bombay, ^ Taganrog

^ Azov, f Bombay, ^ La Plata

§ Bombay, ^ Taganrog ....
Bombay, Azov ......
South Russian, British Indian, North American

1^ Bombay, i Azov .....
§ La Plata, ^ Bombay, ^ Calcutta

La Plata, Azov, Bombay ....

Iodine Value.

199-1

198-4

197-5

195-7

195-4

195-1

185-5

183-7

183-3

183-2

182-9

182-7

181-5

181-1

180-9

180-1

178-7
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lODIXE VALUES OF LIKSEED OIL OF DIFFERENT
SOURCES (WIJS)

Holland—

rriesland .
201-

198-

195-

195-

195-

Groniiigeu 199-

197-

Zeelaiid 193-

British India-

Bonibay

Calcutta

187
186
185
185
185
184

183
182
182
182

I

I
I

Immir- Foreign
|

Specific ^^P""^
I

Oleagin-

per cent.
^^^^ ,

0-9352

0-9346
0-9333
0-9337

0-9339

0-9324

0-9320

0-9324

0-9313

0-9321
4

4-14

4-44 0-30

6-55 0-59

4-86 0-42

4-04 0-28

0-94

America—

La Plata

North America

182-7 0-9314 3-01

180-0 2-17

180-0 3-03

179-6
178-2

177-5 0-9311
176-3 0-9311 1-78

174-7 4

188-5 ••

182-3 2-37

178-1 5-75

178-1 0-9309 5

177-8

0-17

0-00

0-00
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Iodine Values of Linseed Oil—continued.

319

Source of the Seed.
Iodine
Value.

Specific

Gravity.

Impur-
ities,

per cent.

Foreign
Oleagin-
ous Seed
per cent.

North Russia—

Archangel
!

192-1 i

Viatka 197-4 1

W '.

.

196-4
194-0

r.. 5

Petersburg 195-0 0-9327

))
194-2
188-5 0-9325

Revel 198-5 8

Pernau 198-2

196-9
10

5

Riga . 200-0
195-5

194-2

5

20

Libau

1 >>

195-5

194-6
192-4 0-9335

5

2

Not stated 194-6 0-9325

Mid-Russia—

Samara ..... 189-1 ...

Steppes 188-9 '2

South Russia—

Azov . . . . , 182-5 0-9319 ...

182-1 0-9312 ...

181-7
179-9

179-1 0-9314 ...

178-5 4
Taganrog

1 7 y

181-7
178-3

177-9
176-3 0-9305

8-66 1-29

Not stated

1
"

186-3

185-3

183-8
0-9318

1

182-8 ...
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The constants obtained for genuine samples of American

linseed oil are given below .The ordinary methods were used.

In the Maumene test the linseed oil was mixed with heavy

mineral oil and the mixture left at rest for 1 to 2 hours

before treatment with sulphuric acid ; account was taken

of the rise in temperature due to the mineral oil. The

following table gives the figures obtained :

—

Variety of oil.

Specific
Gravitv
at 15° C.

Valenta
Test.

°C.

Maumene
Test.
°C.

Iodine Value Drying
Test.

Hard
after

Hours.

After
1 Hours'
Action.

After
18 Hours'
Action.

Western States, raw 0-933 79 97 174-7 180 72

"
0-93-2 70 90 169-7 180 72

,
, special 0-934 73 105 178-0 178 72

Old Calcutta 0-931 71-0 106 167-5 178 72

Eastern States 0-931 73 105 168 168 72

Western States, boiled . 0-936 74 100 178-8 178-8 18

Eastern States, boiled . 0-938 59-5 101 169-5 171 18

Bleached by acid . 0-934 52-5 103 160-0 160 _ 84

Bleached without acid . 0-932 60 105 157-0 162 84

Menhaden (fish) oil 0-934 73-5 135 157-0 181 (?) 84

The figures for Menhaden oil were added because it is used

as an adulterant. In mixtures it lowers the Maumene test

and the iodine value (?), and makes the drying slower. In

such mixtures it will probably be found that the Maumene

and iodine values are lower than the normal values, and that

the iodine value shows an appreciable increase when the

action is continued more than 4 hours.

The examination of raw and boiled linseed oil by

means of the refractometer.—Weger has examined ex-

haustively the attempts made by Hefelmann and Mann,
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recently extended by Schick, to introduce the refractometer

in the examination of boiled oil. Weger has tested the

rehability of the process, and has unfortunately come to

the negative conclusion that safe results cannot be attained

in the examination of raw and boiled linseed oils, which

was his original opinion, and that the process entirely fails

when mineral oils are present. The refractometer gives a

constant which at the most is of equal value with other

constants— saponification value, amount of unsaponifiable

matter ; the instrument is, however, not adapted to a pre-

liminary examination.

It was first found that all oils, which had been heated for

a long time or had absorbed oxygen, gave a considerably

greater deviation than the original raw oil. Long heating

at a low temperature had the same effect as short heating to

a high temperature, and spontaneous oxidation by standing

in the air produced the same result as blowing in a current

of air. By both manipulations, which cause both polymerisa-

tion and absorption of oxygen, the iodine value, and generally

also the oxygen value, are diminished. On the other hand,

the former belief that the refraction increased with the iodine

value was shown not to be generally true, and at the most

to be applicable to fresh raw oils, whilst the relation is the

reverse for heated and oxidised oils, and thus for boiled oil.

This result agrees with the observations of Spath on rancid

fats. However, one of the samples behaved in the contrary

way. It was further found that a differentiation of boiled oil,

blown oil, and oil which had stood a long time in the air, was

as little possible by means of the refractometer as the recogni-

tion of additions of rosin, rosin oil, or rosin preparations. The

latter substances increase the refraction in the same way as

the operations just mentioned. Similar results were obtained

with the non-drying oils; in this case, too, thickening by oxygen

absorption or polymerisation increases the refractive power.
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REFRACTOMETER VALUES FOR RAW AND
BOILED LINSEED OIL (WEGER)

Mean Oxygen
Refraction Refraction Absorption
at 26° C. I at 40° C. (layer process),

per cent.

Fmio Oih~
A^arnish oil ... .

Artists' oil A .

From Indian seed

Kept 3 years, not absolutely air

tight

Of English origin, kept 5 years

well corked ....
Artists' oil N .

Treated Oils—
Commercial sun-bleached .

Artists' oil, 11 months exposed
to air .

Artists' oil, treated with Fuller's

earth at 80° C. . . .

Heated by superheated steam to

250° C
Varnish oil, heated for some

minutes at 180° C.

.

Artists' oil, heated for 6 hours
at 1.50° C

Artists' oil, freed from mucilage
at 280° C

Artists' oil, freed from mucilage
at 280° C

Artists' oil, freed from mucilage
at 315° C

Artists' oil, heated 40 hours at

180°-190° C
Artists' oil, heated 5 minutes

at 360° C
Blown in mass at 100°-140° C,
and kept 3 years, air not ab-

solutely excluded .

Blown in the cold, 3 years old .

Artists' oil blown in the cold
Artists' oil blown hot
From Indian seed, blown .

From Indian seed, blown 20
hours at 150° C. . . .

From Indian seed, blown 25
hours at 150° C. . . .

Commercial stand oil

Conmiercial thickened oil .

81-5

81-3

80-2

82-2

85-1

80-8

81

82

82

90

102

84-2

83-4

92-6

95-0

99-3

92-9

72-5 ...

72-4 18-0

71-4 17-1

15-4
1

76-1 19-8

72-5

72-5 15-3

72-5

73-7

16-5

...

1

5-4 (?)

14-5

73-6

74-2

73-6

8-7

11-1

10-7
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In regard to the oils boiled with driers, the addition of

1 per cent, of a resinate increases the refraction by about 1°

;

the same effect is produced by the action of air or by heating

for 1 hour to 150° C. On long keeping, the refraction of

all boiled oil kept from contact with air does not further

change, whatever was the method of preparation ; on the other

hand, when the bottles are open the oxygen absorption causes

in all cases a considerable increase in the refraction. The

influence of light, on the contrary, is small, especially when

air is excluded, whilst when air can enter light appears to

favour the oxygen absorption ; but m this case the formation

of a skin on the surface causes the results to be irregular.

The refractions of different mineral oils, previously studied by

Shick, vary within very wide limits, whilst rosin and rosin oil

give very strong deviations, considerably above 105°, which,

however, is also the case with Chinese wood oil. The refrac-

tion of turpentine alters rapidly and considerably on standing

in the air. In general it follows from the figures given that

the presence or absence of mineral oil cannot be ascertained

from the refraction ; indeed, a mineral oil of low refractive

power might be used to hide a fraudulent addition of rosin

or rosin oil ; such additions may be readily discovered by other

methods.

When the absence of mineral oil has been shown by

other methods, it may indeed be said that boiled oil is un-

adulterated if its refraction falls within the limits of Hefel-

mann's figures. On the other hand, a higher refraction does

not always indicate sophistication, although most commercial

boiled oils have refractions within these limits, and most

boiled oils containing mineral oil have greater refractive

powers. The difference in the deviations of linseed oil at

25° and 40° C. amounts, as a rule, to 8*8 to 9 units, yet

larger differences may be obtained.

Adulteration of boiled oil with rosin oil.—Especially
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since rosin oil has been made to thy, it has been the adulterant

of boiled oil most frequently employed. It can generally be

detected by the smell alone, which is more clearly perceptible

when several drops of the boiled oil are warmed by rubbing

between the hands. The taste also affords a means of detecting

rosin oil ; when present only in small quantity it is recognised

by the harsh nauseating flavour. If dilute sulphuric or hydro-

chloric acid be mixed with boiled oil containing rosin oil, and

the mixture left at rest, white sticky lumps are formed in addi-

tion to the lead or manganese precipitates, whilst pure boiled

oil yields the precipitate alone, and becomes completely clear

again after a few hours. The oil balance may also be used

to test the oil; pure manganese boiled oil indicates 26°, lead

boiled oil 24°, but oil containing rosin oil, barely 20° to 22°

A characteristic property of all boiled oil adulterated with rosin

oil is that, on standing in the cold, a portion of the rosin oil

is separated ; the oil becomes turbid and forms a compact foot,

which completely disappears on warming. If suspected

boiled oil be immersed in a freezing mixture at about — 5"

to — 6° C. this appearance is observed in a short time in the

presence of rosin oil, whilst pure boiled linseed oil remains

bright and clear. If a considerable quantity of deposit forms

in boiled oil on keeping, the oil is certainly adulterated with

rosin oil. Eosin oil is detected by heating 10 grms. of the

boiled oil with 50 c.c. of alcohol and 5 grms. of caustic potash,

dissolved in the least quantity of water, under a reflux con-

denser for 30 minutes; 50 c.c. of water are then added, and

the flask cooled by immersion in cold water. The liquid is

shaken with petroleum ether in a separating funnel, and, when

the two layers have separated, the lower is drawn off as com-

pletely as possible. The petroleum ether layer is washed

repeatedly with water, which is not added to the original

aqueous solution ; finally the water is run off as completely as

possible. In spite of the greatest care in running off" the
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petroleum ether, drops of water accompany it ; it is therefore

not transferred directly to the weighed flask in which the ether

is to be distilled off, but is brought into another dry flask.

When it is poured from this into the weighed flask the water

adheres to the sides of the first. The liquid, which has

been once extracted, is extracted in a similar manner with

petroleum ether to exhaustion, and the solvent is transferred

to the weighed flask in the manner described. To decide

rapidly whether the unsaponifiable matter obtained from the

boiled oil by this process is rosin oil or mineral oil, it is

shaken with an equal volume of acetone. If the two liquids

mix completely, the oil is rosin oil, or a mixture of rosin oil

with little mineral oil. Alcohol (specific gravity, 0*9 5) may

also be used to decide ; rosin oil sinks in this liquid, mineral

oils do not.

Adulteration of boiled linseed oil with rosin.—Boiled

linseed oil adulterated with rosin is generally more viscous

than it should be ; rosin is a solid substance, and its solution

in linseed oil is naturally more viscous than the original oil.

Such boiled oil dries in 36 to 48 hours, and is then apparently

hard, but becomes sticky by the heat of the hand when the

coating is touched. Dust sticks to the paint and makes it

grey and unsightly ; by a short exposure to the action of the

atmosphere it is destroyed and falls off. If boiled oil, in which

adulteration with rosin is suspected, be shaken with a weighed

quantity of 95 per cent, alcohol at frequent intervals during

several hours, the mixture left at rest, and the extract de-

canted off", the adulterant may be detected in it. The alcohol

is distilled off in a retort or a flask provided with condenser

;

the residue is then weighed. If it amounts to more than tV

of the extract, the oil is adulterated with rosin or rosin oil

(according as the residue is solid or liquid), since raw or boiled

linseed oil requires 40 parts of alcohol to dissolve it.

If boiled oil adulterated with rosin be exposed in a
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shallow vessel to the action of the air, a portion of the rosin

separates in 10 to 14 days in the form of small crystalline

grains which can easily be recognised as rosin.

The presence of rosin is detected in a somewhat more

complicated manner by boiling the oil for several minutes

with 95 per cent, alcohol, separating the solution after cool-

ing, and adding a solution of lead acetate in water. If the

boiled oil was pure merely a turbidity appears, but if rosin

is present a flocculent white precipitant forms, which can be

converted into pure rosin by washing repeatedly and melting.

Detection of rosin and rosin oil in fatty oils and

boiled linseed oil.—According to Ulzer, the reaction of

Liebermann—production of a fine red colour on the addition

of strong sulphuric acid to solutions of resin acids in acetic

anhydride—was first used by Storch to detect rosin oil, which

gives a similar coloration with strong sulphuric acid when

dissolved in acetic anhydride.

Later, Morawski successfully used this excellent reaction

to detect rosin in the sizing of paper and in soaps, with the

alteration that sulphuric acid of specific gravity 1"53 was used

in the place of strong acid. "He also studied the behaviour of

the fatty oils when treated with acetic anhydride and sulphuric

acid, and found that rosin and rosin oil may generally be

detected by first shaking the oil with acetic anhydride, to

which sulphuric acid of density 1"53 was then added. With

some practice rosin and rosin oil may be detected with

certainty by this process in most fatty oils.

Since it would be of great value to be able to use this

simple reaction in the examination of boiled linseed oil (and

varnishes), experiments were performed which give the fol-

lowing results :—Pure boiled linseed oil, obtained by boiling

the oil either with litharge, red lead, manganese dioxide, or

manganese borate, gives, when dissolved directly in very small

quantities of acetic anhydride, a dark brownish - red color-
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ation on the addition of sulphuric acid. Success was not

attained by - shaking the boiled oil with acetic anhydride,

according to Morawski's method, because boiled oil is very

soluble in acetic anhydride, and also emulsions readily form.

In this special case it is more convenient to shake the

boiled oil with absolute alcohol, allow to stand for several

hours, evaporate the alcoholic solution, dissolve a portion of

the residue in acetic anhydride, and add sulphuric acid. By this

means a red coloration is obtained, but large quantities of

rosin or rosin oil may be recognised by the reaction.

Adulteration of boiled linseed oil with fish oil

rarely occurs, on account of the smell and taste of the latter,

which are easily recognised. Linseed oil, adulterated with

relatively small quantities of fish oil, has the characteristic smell

and taste of the latter, and the adulteration is at once detected.

If 10 parts of the suspected linseed oil be stirred in a

suitable vessel with 3 parts of sulphuric acid, and the mix-

ture then left at rest until the oil and the acid layers have

separated, a white precipitate is formed which contains the

metallic compound ; the oil itself is dark brown in the

presence of fish oil, whilst the acid is orange - yellow or

yellowish-brown. Pure boiled linseed oil, on the other hand,

is at first greenish, and later brownish-green, whilst the acid

acquires a more yellow colour. If adulterated boiled oil be

treated with chlorine gas, it becomes at once dark brown and

finally black, whilst unadulterated boiled oil becomes more

and more colourless, since chlorine bleaches the vegetable fats,

but turns all the animal fats, with the single exception of

neatsfoot oil, steadily darker and finally black. If 5

volumes of boiled oil are boiled with 1 volume of caustic soda

solution of 1-34 specific gravity, unadulterated oils produce

a yellowish, oils containing fish oil a red, emulsion.

Distinction between boiled and unboiled linseed

oil.—Linseed oil which has been made active by means of
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metallic compounds always contains a certain quantity of the

metal in solution, which may be detected by heating the oil

with acetic or dilute nitric acid and testing the separated

aqueous liquid ; the oil is thus recognised as boiled oil. The

same result is given by the " boiled oils " made by means of

driers without the application of heat ; tlie method simply

detects the presence of driers in linseed oil. The drying

oils which have been treated only with atmospheric oxygen

in a suitable apparatus, and which now fre(|uently come

into the market, contain no trace of metallic oxides, and

thus cannot be easily recognised as boiled oil. Morpurgo

has found that soaps made from unboiled, i.e. not heated,

oils are completely separated from their aqueous solutions

by the addition of common salt, whilst the soaps obtained

from boiled linseed oil are incompletely separated even by

excess of common salt. A portion of the soap remains

in solution, as is also the case with rosin soap. The

following process is recommended as giving good results :

—

20 grms. of the linseed oil under examination are saponified

by an excess of caustic soda, common salt is then gradually

added to the clear aqueous solution until soap no longer

separates. The mixture is allowed to stand, and when the

soap has collected the mixture is filtered. The clear filtrate

is acidified strongly with acetic acid ; if derived from a boiled

oil, it becomes very turbid, if from unboiled oil it remains

clear or nearly clear.

Lippert has made a number of experiments in regard to the

oxygen absorption, i.e. increase in weight, of boiled oil mixed

with mineral oils. He used the following mineral oils :

—

American spindle oil, thin, specific gravity . 0"885

viscous „ . 0-903-0-909

Russian machinery oil, „ ,, . 0"905-0'908

Pale yellow Zeitzer paraffin oil, very thin,

specific gravity 0-890-0-900
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The mineral oils themselves did not increase in weight

during the experiment ; the paraffin oil evaporated readily.

Thus for them the oxygen absorption was zero. Lippert

commenced his experiments with the conviction that, since

mineral oils absorb no oxygen, or only when they contain

asphaltum or resinous bodies, as the percentage of them in the

drying oils increased, the maximum increase in weight of the

mixture would be decreased in increasing degree. The maximum

values attained by the oxygen absorption were as follow :

—

Dutch linseed oil, 5 years old, mixed with American spindle

oil, 0-903 to 0-909 :

—

Per cent.

Linseed oil, pure, on 4th day . . . . . 12 -61

„ with 5 i^er cent, of spindle oil, on 4th day 12 -13

„ „ 10 „ „ 6th „ 11-38

„ 25 „ „ 6th „ 9-65

„ „ 50 „ „ 7th „ 6-03

Old hotted oil, made with manganic oxide, containing 0-4

per cent, of active manganese, mixed with Eussian machinery

oil, 0-905 to 0-908:

—

Per cent.

Boiled oil, pure, on 2nd day . . . . .11 -93

„ with 5 per cent, of machinery oil, 2nd day 11*73

» 10 „ „ 2nd „ 11-34

„ 25 „ „ 2nd „ 8-88

„ „ 50 „ „ 2nd „ 4-76

Commercial hoiled oil, made tvith manganic oxide, mixed

with thin spindle oil, 0-885 :

—

Per cent.

Boiled oil, pure, on 1st day . . . . .14-43
„ with 5 per cent, of spindle oil, on 1st day 13-40

„ ,, 10
,, ,,

1st ,, 13-35

„ 25 „ „ 1st „ 10-03

„ 50 „ „ 3rd „ 4-69

Equal parts of old manganic oxide hoiled oil and litharge
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hoiled oil (2*5 per cent, of PbO at 240" C), mixed with thin

spindle oil, 0-886 :

—

Per cent.

Manganic oxide oil, after 1 day .... 12 "67

Litharge oil, after 16 hours . . . . .11-43
The mixed boiled oils

—

With 10 per cent, of spindle oil, after 16 hours . 10 "3

2

„ 25 „ „ „ 16 „ . 8-77

„ 50 „ „ „ 16 „ . 5-25

Varnish oil, mixed with volatile Zeitzer paraffin oil,

0-890 to 0-900:

—

Per cent.

With 5 per cent, of paraffin oil, after 6 days . . 16*75

„ 10 „ „ „ 6 „ . . 9-50

„ 25 „ „ „ 4 „ . . 0-46

„ 50 ,, „ (maximum decrease) -13'15

Paraffin oil alone . . . ( „ ) — 57"11

All the experiments were made by the " layer method,"—by
observing the change in weight of thin layers spread. upon glass

plates. In the first place, they show (detailed figures are not

given) that as the addition of mineral oil increases, the maximum

increase in weight of raw and boiled linseed oil is decreased.

In the case of the old Dutch linseed oil, the oxygen value

decreased in exactly the same proportion as the addition of

mineral oil increased. In general, adulteration with 10 per

cent, of mineral oil would decrease the maximum increase to

such an extent that adulteration would be suspected. But

the case may occur that an adulterated oil gives a figure

possible for a pure boiled oil, thus the commercial boiled oil

made with manganic oxide attained a maximum increase of

13-35 per cent, in spite of the presence of -10 per cent, of

spindle oil. The time of drying is not increased in every

case by increasing quantities of mineral oil, but is never

decreased, in particular the commencement of drying is never

accelerated. In the case of the old manganese boiled oil, the

commercial manganic oxide oil, and the mixture of manganese
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and litharge boiled oils, the time of drying is the same as of

pure boiled oil, with the exception of the extreme adultera-

tion with 50 per cent, of mineral oil, which particularly

hinders the drying when the added oil is the spindle oil.

In the experiments with old linseed oil and mineral oil

of 0*9 specific gravity, increasing adulteration lengthens the

time required to attain the maximum weight. It is natural

that the properties of the mineral oil should have consider-

able effect. The results obtained with the varnish linseed

oil are interesting, since a readily volatile adulterant was

used ; with the addition of 5 per cent, a high increase in

weight was obtained, and the effect of the evaporation was

not apparent. With an addition of 10 per cent, the oxygen

value was considerably decreased, and with 25 per cent, the

evaporation was almost greater than the absorption ; after this

point considerable decreases occurred. It is remarkable that

both manganic oxide boiled oils when pure showed at first

no oxygen absorption, i.e. the commencement of drying was

delayed, the oil then suddenly attained the maximum weight

;

thus the initial stages are delayed, whilst when the lead boiled

oil and mineral oil are added the absorption commences imme-

diately. This cannot be due to a facilitation of the diffusion

of oxygen by the mineral oil ; the retardation is more probably

due to the influence of moisture in the air, whilst the accelera-

tion by the mineral oil of the commencement of drying is a

consequence of movement taking place in the layer of oil. For

it was found that shortly after the layers were spread out,

and during the experiments, the mineral oils separated at the

upper surface of the oil skin, so that after the maximum

weight had been obtained the thin layer of mineral oil

enabled the finger to slip over the oil skin, even when the

adulteration was only 5 per cent., whilst the finger adhered

to a pure oil skin. With the greater adulteration of 50 per

cent, the whole of the mineral oil or of the volatile paraffin
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oil bad collected in thick drops on the surface. This separa-

tion, which increases the usefulness of this method of testing

oils, begins gradually with the oxygen absorption, but when

much mineral oil is present it occurs in many cases imme-

diately after the experiment is commenced, so that it is

readily observed. The old sample of oil boiled with man-

ganic oxide appeared to begin to dry more rapidly when

mixed with 5 per cent, of mineral oil ; in this case the

separation of the mineral oil commenced at once, thus move-

ment took place in the layer, and to this movement is to be

ascribed, as we have said, the acceleration of the oxygen

absorption in the case of the two manganic oxide boiled oils.

It might be imagined that mineral oils containing small

quantities of drying oils would absorb oxygen, and that the

thinner oils would do so rapidly if diffusion facilitated the

oxygen absorption ; it is yet uncertain whether adulterations

of mineral oil with drying oils occur frequently in practice.

In order to obtain results on this point, the spindle oils and

the Eussian mineral oil were mixed with 5 per cent, of linseed

oil, which would attain alone an increase in weight of about

1 6 per cent. ; but even after 3 days the thin spindle oil had

absorbed only 0"5 per cent., whilst the two more viscous -oils

remained unaltered in weight. A slight increase w^^as observed

on the third day, which, however, might be due to other

causes—deposition of dust.

Finally, it should be observed that the ease with which

the oil is spread out and the appearance of fluorescence in

raw and boiled linseed oil depend upon the nature and

amount of the mineral oil added. These appearances are,

however, of minor importance. The visible separation of

mineral oil is an advantage characteristic of this process and

gives it a practical importance.

The examination of oil paints (Loesner).—-According

to Loesner, the first requisite of a good oil paint is that it
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should form a homogeneous and non-porous layer on drying.

The importance of this property is advanced because Simon

alleges that the layers of most oil paints transmit water, as

we have before mentioned. If sheet iron be painted, under

certain circumstances rust forms after some time under the

paint. If the iron be placed in water, no conclusion can be

obtained as to the durability of the paint, because the action

is much too slow ; on the other hand, steam affords a very

convenient method for testing the permeability of a layer of

paint. Naturally, it is a matter of no importance whether

large or small surfaces are tested, since a paint which cannot

protect a small surface will not be able to prevent a larger

one from rusting. The test is carried out in the following way :

pieces of stout iron, 56 by 100 mm., are thoroughly cleaned

on one side with sand or emery paper. The clean surface,

which must not be touched with the fingers, is given two

thin uniform coats of the paint, and dried for 4 days at

the ordinary temperature. The greatest care must be taken

that not the smallest portion remains unpainted. The paint

is best dried by placing the sheets upon small strips of wood,

in a horizontal position and the painted surface uppermost.

On the back of the sheet may be marked the number of the

paint under examination ; this is best done with oil paint.

The sheets are then laid over a boiling water bath, with the

painted side downwards. In order to avoid mechanical

injury, the short edges of the sheets are placed upon small

rods of wood ; the surface which comes in contact with these

is to be disregarded. The height above the boiling water

bath should uniformly be 50 mm., and the water should be

kept at a constant level. After 15 hours the sheets are

dried for a short time at 100° C. (not above). By means of

a soft brush the layer of paint is saturated with aniline,

so that it is softened and can readily be removed. It should

be scratched off with a clean knife or another sharp instru-
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ment only when very hard, and then with great care, since

the thin layer of rust which is formed under inferior paints is

easily removed by the knife at the same time. When the

paint has been removed the metal is dried by means of

alcohol. In the case of a good paint, the surface should be

completely intact ; when this is the case, the scratches made

in cleaning with sand paper are still present.

Many paints are praised as being fast to acids, by which

the impression is created that they are of some special nature.

The fastness to acids frequently depends only upon the

property, more or less common to all oil paints, of being little

changed by dilute sulphuric acid. In order to decide whether

a paint is really fast to acids, the painted surface is placed

over a glass vessel, containing 100 c.c, half filled with

strong hydrochloric acid (33 per cent.), so that the layer of

paint lies horizontally 50 mm. above the acid. Very soon

the acid vapours condense on the paint, and in many cases

form strong salt solutions from the oxides contained in the

paint, which in their turn protect the iron from rusting.

However, if the layer of salts be removed every hour by

washing the plates, and if the plates be dried and again ex-

posed to the action of the acid vapours, eventually warming

the acid to 20° C, the destructive action of the hydrochloric

acid is soon observed. If still apparently intact after 12

hours the coat of paint is removed by means of aniline in

the above-mentioned manner. The action of the acid can

then be seen clearly ; it should be unnecessary to state that

this action can only consist in etching and not in the forma-

tion of rust.
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Absorption of oxygen, 12, 327.

Acetyl value, 313.

Acid value, 311.

Acids, resistance to, 263, 333.

Adulteration, 308, 322, 334.

Albumin, 125, 211.

Alkalis, resistance to, 263.

Alum, 158.

Analysis, 335.

Antimony oxide, 158.
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Atmospheric influences, 30, 256.
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Bessemer paint, 266.
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Boiled oil, 147, 172, 256, 309, 321.

,, properties of, 216.
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Boiled rosin oil, 271, 278, 279.
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Bread, 158.
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Cakes, 120.
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„ oil,39,46, 93, 148, 309, 314.

Cassweedseed oil, 92.

Castor oil, 74, 93, 310, 316.

Cedar-nut oil, 42.
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Chemical constants, 311, 314.
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,, wood oil, 20, 41, 45, 93, 148,

310, 315, 322.

Chironji oil, 91.

Chlorine, 144.
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Constants, 309, 311.
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179, 284, 307.

Driers, liquid, 215, 284.

,, patent, 298.

Drying oils, examination of, 308.
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,, properties, 2, 256.

Drying property, 9, 30, 149.

Durability of paint, 261.
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20, 43, 93, 310,
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Extraction of oils, 112.
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Grapeseed oil, 87, 93, 310, 316.

Graphite, 261, 267.
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313.
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Indiauubbek substitute, 56.

Iodine absorption, 313, 316.
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,, borate, 158, 169, 170.
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,, chromate, 166.

,, Imniate, 166.

,, linoleate, 158, 175, 176, 299.

,, manganate, 158.

manganese linoleate, 158, 161,

300.

,, manganese resinate, 158, 161,

168, 175, 176, 307.

,, metallic, 158, 171, 189, 194.

,, oxalate, 169.

,, oxide, 158.
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,, precipitated, 158.

,, resinate, 158, 301, 306.

,, suboxide. 158.

,, sulphate, 265.

,, tartrate, 158, 169.

Linoleic acid, 4, 5, 7, 149.
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Linolic acid, 7, 22, 67, 149. 257.

Linoleum, 239, 249.

Linoxic acid, 5, 8.

Linoxyn, 6, 9, 10, 33, 35, 65, 149.

Linseed ash, 62.

,, cake, 121.

„ meal, 121.

oil, 34, 57, 9.3, 148, 310, 315.

oil plaster, 287, 289.

oil, thickened, 225, 229, 232,

321.

Liquid driers, 215, 284.

Litharge, 161, 169, 170, 175, 179, 287.

Liuusic acid, 7.

Manganese acetate, 158, 160, 161,

169, 170.

,, benzoate, 158, 160.

borate, 11, 29, 154, 158,

160, 161, 169, 170,

175, 179, 192, 227,

287.

,,
carbonate, 158, 160, 161.

,, chloride, 160.

,, chromate, 158. 160.

,, citrate, 158, 160.

,, compounds, 160.

,, formate, 158, 160, 169.

linoleate, 158, 161, 163,

168.175,176,299,300.
nitrate, 158,160,169,171.

,, oleate, 158, 179, 299.

oxalate, 158, 160, 161,

169, 171.

,, peroxide, 158, 160, 175.

resinate, 158, 161, 163,

168, 175, 176, 179,

201, 287, 301, 304,
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,, succinate, 158, 160.

,, sulphate, 158, 160, 169,

170, 171.

,, sulphite, 158.

„ tartrate, 158, 160, 169,

170.

Manganic cliloride, 158.

hydroxide, 160, 161, 176,

287.

., oxide, 158.

Manganous hydroxide, 158, 160.
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Margarolic acid, 46.

Maiimene test, 360.

Melonseed oil, 91.

Menhaden oil, 320.

Mercuric oxide, 158.

Micaceous iron ore, 266.

Mineral oils, 272, 322, 327.

Mohamba oil, 89.

Mucilage, 125, 150, 211.

Mustardseed oil, 127.

Naphtha, 293.

Nitric acid, 158.

Oil cake, 120.

„ cloth, 223, 225.

,, extracting works, 112, 114.

,, meal, 120.

,, press, 101.

Oleometer, 93.

Onions, 158.

Oxygen absorption, 12, 327.

Ozone, 32, 130, 146, 202.

Ozonised air, 203.

Ozoniser, 207.

Paint, 256, 258, 259, 261.

Paints, examination of, 331.

Petroleum residues, 281.

Physical constants, 302.

Pigments, 259.

Pine oil, 91.

Plasters, 287, 289.

Poppyseed cake, 122.

oil, 4, 7, 20, 69, 93, 148,

266, 310, 315.

Potassium bichromate, 146.

,, permanganate, 145.

Printers' varnish, 223, 228, 240, 309.

Pumice, 158.

Pumpkinseed cake, 124.

,, oil, 56, 91, 93.

Pyknometer, 311.

Pyrolusite, 160, 161, 175, 179, 287.

Red lead, 161, 164, 169, 175, 179, 267,

287.

Red pineseed oil, 91.

Refining, 124.

Refractometer, 320.

Reichert-Meissl value, 312.

Resinates, analysis of, 303.

,, metallic, 300.

Resistance to acids, 333.

Ricinoleic acid, 80.

Ricinoleo-sulphuric acid, 81.

Rosin, 324.

,, oil, 17, 270,271,278,279,322,325.

,, soaps, 272, 273.

Rosin sjiirit, 293.

Hust, 256.

Safflower oil, 92.

Sativic acid, 7.

Sajiouitication value, 311.

Scotch fir oil, 91.

Seed cleaning, 99.

,, crushing, 100..

,, ,, works, 106.

,, estimation of oil in, 95.

,, store, 96.

Shale, 158.

Shial kaata oil, 90.

Siccative, English, 297.

Siccatives, 284.

Sodium bichromate, 146.

,, peroxide, 143.

Solvent naphtha, 293.

Solvents, 112.

Spindle oils, 272.

Spontaneous combustion, 35.

Spruce firseed oil, 92.

Stand oil, 232, 321.

Steam boiled oil, 180.

,, jacketed pans, 181.

Storage of boiled oil, 211.

oil, 25.

,, oil seed, 96.

Substitutes, copal, 272.

„ boiled oil, 269.

Sulphuric acid, 129.

SunHower oil, 7, 85, 93, 310, 316.

SunHowerseed cake, 123.

Superheated steam, 182.

Sylvic acid, 273.

Tempekatui:e, infiuence of, 265.

Terebine, 284, 298.

,, manufacture of, 295.

Tetrahydroxystearic acid, 7.

Thickened linseed oil, 225, 229, 232,

321.

Thistle oil, 91.

Tin, 158.

Tobacco seed oil, 92.

Tung oil. See Chinese wood oil.

Turkey red oil, 80, 81.

Turpentine, 290, 291, 295.

,, oxidation of, 291.

., substitutes, 293.

Umber, 158, 287.

Vapours from boiled oil, 183, 184.

Varnishes, 223.

Varnish extract, 297.

Verdigris, 158. '
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j

Vermilion, 158.
'



342 SUBJECT-MATTER INDEX

Walnut cake, 123.

oil, 57, 72, 93, 148,

315.

Water melon oil, 92.

"VVateriiroof fabrics, 223, 225.

Weldseed oil. 91.

White lead, 158, 265, 267, 287.

Wood oil. See Chinese wood oil.

Zachun oil, 92.

Zinc, 158.

310,

Zinc acetate, 169.

borate, 169.

chloride, 189.

chroniate, 166.

hum ate, 166.

nitrate, 169.

oxide, 158, 169.

resinate, 274.

sulphate, 158, 169.

sylvate, 273.

white, 265, 267.
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"This is a better book on soap-manufacture than any of the same size which have been
published for some time. It reads like the ' real thing,' and gives a very complete account of

the technique of soap-making, especially of the machinery employed, the different methods and
even the arrangement of soap factories. . . . The book is produced well, and is splendidly-

illustrated."—C/i£;;iis/ and Dnigf^ist.

ANIMAL FATS AND OILS: Their Practical Production,
Purification and Uses for a great Variety of Purposes. Their Pro-
perties, Falsification and Examination. A Handbook for Manufacturers
of Oil and Fat Products, Soap and Candle Makers, Agriculturists,

Tanners, Margarine Manufacturers, etc., etc. By Louis Edgar .^ndes.
With Sixty-two Illustrations. 240 pp. 1898. Price 10s. 6d. ; India
and Colonies, lis.; Other Countries, I'is. ; strictly net, post free.



Contents.
Introduction. Occurrence, Origin, Properties and Chemical Constitution of Animal Fats

Preparation of Animal Fats and Oils. Machinery. Tallow-melting Plant. Extraction Plant.
Presses. Filtering Apparatus. Butter: Raw Material and Preparation, Properties, Adul-
terations, Beef Lard or Remelted Butter, Testing. Candle-fish Oil. Mutton-Tallow. Hare
Fat. Goose Fat. Neatsfoot Oil. Bone Fat : Bone Boiling, Steaming Bones, Extraction,
Refining. Bone Oil. Artificial Butter: Oleomargarine, .Margarine .Manufacture in France,
Grasso's Process, " Kaiser's Butter," Jahr & .Miinzberg's .Method, Filbert's Process, Winter's
Method. Human Fat. Horse Fat. Beef Marrow. Turtle Oil. Hog's Lard: Raw .Material,

Preparation, Properties, Adulterations, Examination. Lard Oil. Fish Oils. Liver Oils.

Artificial Train Oil. Wool Fat: Properties, Purified Wool Fat. Spermaceti: Examination
of Fats and Oils in General.

Press Opinions.
"The descriptions of technical processes are clear, and the book is well illustrated and

should prove useful."

—

Manchester Guardian.
" It is a valuable work, not only for the student, but also for the practical manufacturer of

oil and fat products."

—

Journal of the American Chemical Society.

"The work is very fully illustrated, and the style throughout is in strong contrast to that
employed in many such treatises, being simple and clear."

—

Shoe and Leather Record.
"An important handbook for the ' fat industry,' now a large one. The explanation of the

most scientific processes of production lose nothing of their clearness in the translation."

—

Newcastle Chronicle.
" The latest and most improved forms of machinery are in all cases indicated, and the many

advances which have been made during the past years in the methods of producing the more
common animal fats—lard, tallow and butter—receive due attention."

—

Glasgow Herald.

VEGETABLE PATS AND OILS : Their Practical Prepara-
tion, Purification and Employment for Various Purposes, their Proper-
ties, Adulteration and Examination. A Handbook for Oil Manufacturers
and Refiners, Candle, Soap and Lubricating Oil Makers, and the Oil

and Fat Industry in General. Translated from the German of Louis
Edgar Andks. With Ninety-four Illustrations. 320 pp. 1897. Price
10s. 6d. ; India and Colonies, lis. ; Other Countries, 12s. ; strictly net,

post free.

Contents.
Statistical Data. General Properties of the Vegetable Fats and Oils. Estimation of tne

Amount of Oil in Seeds. Table of Vegetable Fats and Oils, with French and German
Nomenclature, Source and Origin and Percentage of Fat in the Plants from which they are
Derived. The Preparation of Vegetable Fats and Oils : Storing Oil Seeds ; Cleaning the Seed.
Apparatus for Grinding Oil Seeds and Fruits. Installation of Oil and Fat Works. Ex-
traction Method of Obtaining Oils and Fats. Oil Extraction Installations. Press .Moulds.
Non-drying Vegetable Oils. Vegetable drying Oils. Solid Vegetable Fats. Fruits Yielding
Oils and Fats. Wool-softening Oils. Soluble Oils. Treatment of the Oil after Leaving the
Press Improved Methods of Refining with Sulphuric Acid and Zinc Oxide or Lead Oxide.
Refining with Caustic Alkalies, Ammonia, Carbonates of the -Alkalies, Lime. Bleaching Fats
and Oils. Practical Experiments on the Treatment of Oils with regard to Refining and
Bleaching. Testing Oils and Fats.

Press Opinions.
"Concerning that and all else within the wide and comprehensive connection involved

this book must be invaluable to every one directly or indirectly interested in the matters it

treats of."

—

Commerce.
"The proprietors of the Oil and Colournian's Journal have not only placed a valuable and

highly interesting book of reference in the hands of the fats and oils industry in general, but
have rendered no slight service to experimental and manufacturing chemists."

—

Mat ufacturing
Chemist.

IRON - CORROSION, ANTI - FOULING AND ANTI-
CORROSIVE PAINTS. By Louis Edgar Andes. Sixty-
two Illustrations. 275 pp. Translated from the German. 1900.

Price 10s. 6d. ; India and Colonies, lis. ; Other Countries, 12s. ; strictly

net, post free.

Contents.
Ironrust and its Formation—Protection from Rusting by Paint—Grounding the Iron with

Linseed Oil, etc.—Testing Paints—Use of Tar for Painting on Iron—Anti-corrosive Paints

—

Linseed Varnish—Chinese Wood Oil—Lead Pigments— Iron Pigments—-Artificial Iron Oxides
—Carbon—Preparation of Anti-corrosive Paints—-Results of Examination of Several Anti-
corrosive Paints—Paints for Ship's Bottoms—Anti-fouling Compositions—Various Anti-cor
rosive and Ship's Paints—Official Standard Specifications for Ironwork Paints—Index.



Press Opinions.
"This is a very valuable book, translated from the German, discussing in detail anti-fouling

and anti-corrosive paints."

—

British Mercury.
"Will be of great service to paint manufacturers, engineering contractors, ironfounders,

shipbuilders and others."

—

Engineer and Iron Trades Advertiser.
"The book before us deals with the subject in a manner at once practical and scientific, and

is well worthy of the attention of all builders, architects and engineers."

—

The Builder.
"The book is very readable and full of valuable information, and bearing in mind the

importance of the subject treated, it is one which engineers will be well advised to procure at
an early date."

—

Rail-way Engineer.
"The author goes fully into his subject, and the translator has been successful in repro-

ducing in another language what he has to say. There are given in the text numerous
illustrations of the rusting of iron, prepared in the course of a series of personal experiments
on the formation of rust."

—

Journal of Gas Lighting.
"This work is a very elaborate and useful record of the various phenomena in connection

with the corrosion of iron and its protection against corrosion. . . . The book is an exceed-
ingly useful record of what has been done in connection with iron preservation, and will

undoubtedly prove to be of much value to railway engineers, shipowners, etc."

—

Fairplay.
" Herr .Andes' book, written purely from a scientific standpoint, will be particularly useful

to iron manufacturers, shipbuilders and shipowners. . . . The book is beautifully printed on
good paper, and its appearance does credit to the publishers; the work of translation has been
remarkably well done, the language bearing none of those irritating traces of Teutonism which
disfigure so many English versions of German technical works."

—

The Ironmonger.
"This knowledge is conveyed with characteristic German thoroughness in this useful work

of Herr Andes, which loses nothing of clearness in .Mr. Salter's excellent translation. The
causes of rust formation are examined, the proper methods of cleansing the ironwork detailed,

and the constitution and application of suitable preventative coverings explained. . . . The
book is a svelcome contribution to technological literature, and will be found worthy of the
careful study of all who are professionally engaged in the arrangement or superintendence of
the class of work dealt with."

—

Western Daily Mercury.
"The author explains the nature of rust and its formation, and the text is illustrated from

about fifty photographs. .An immense amount of carefully arranged information follows as to
the best methods of applying anti-corrosive substances and the various pigments most effi-

cacious for use under all circumstances. The author has evidently thoroughly investigated and
mastered the subject of iron corrosion, its cause and its prevention ; and we regard his book as
of the greatest importance to bridge-builders and makers and users of structural iron and
steel. The book is illustrated throughout and is admirably indexed and arranged."

—

Iron and
Steel Trades Journal.

" It is of the utmost importance to have reliable informatior. on the various so-called infal-

lible anti-corrosive paints which flood the market, and the large experience which evidently had
been gained by the author in relation to the subject enables him to present in the work under
notice an important contribution towards the solution of the problem involved, which is bound
to prove extremely serviceable not only to paint manufacturers, but to engineers, contractors,
ironfounders, shipbuilders and others. The subject is thoroughly dealt with in all its various
phases, and the vast fund of information afforded not only regarding rust formation and its

prevention, but in reference to paints, varnishes, oils and pigments generally, should prove very
valuable to the large class interested, while additional importance is given to the book by the
numerous illustrations which were prepared by the author in the course of a series of personal
experiments on the formation of rust."

—

Builders' Reporter.

THE MANUFACTURE OF ALUM AND THE SUL-
PHATES AND OTHER SALTS OP ALUMINA AND
IRON. Their Uses and Applications as Mordants in Dyeing
and Calico Printing, and their other Applications in the Arts, Manufac-
tures, Sanitary Engineering, Agriculture and Horticulture.

Contents.

Part I., Theoretical Study of Aluminium, Iron, and Compounds of these Metals.
—Chapters I., .Aluminium and its Compounds.— II., Iron and Iron Compounds.

Part II., Manufacture of Aluminium Sulphates and Sulphates of Iron.—Chapters III.,

Manufacture of .Aluminium Sulphate and the .Alums.—IV., .Manufacture of Sulphates of Iron.

Part III., Uses of the Sulphates of Aluminium and Iron.—Chapters V., Uses of
Aluminium Sulphate and .Alums—.Application to Wool and Silk—Preparing and using Aluminium
Acetates—Employment of .Aluminium Sulphate in Carbonising Wool—The .Manufacture of

Lake Pigments—.'Vlanufacture of Prussian Blue—Hide and Leather Industry— Paper .Making

—

Hardening Plaster—Lime Washes—Preparation of \on-inflammable Wood, etc.— Purifica-

tion of Waste Waters.—VI., Uses and Applications of Ferrous Sulphate and Ferric



Sulphates.—Dyeing—Manufacture of Pigments—Writing Inks—Purificationrof Lighting Gas
—Agriculture— Cotton Dyeing— Disinfectant— Purifying Waste Liquors— Manufacture of
Nordhausen Sulphuric Acid—Fertilising.

Part IV., Chemical Characteristics of iron and Aluminium.—Analysis of Various
Aluminous or Ferruginous Products.—Chapter VII., Aluminium.

LUBRICATING OILS, FATS AND GREASES: Their
Origin, Preparation, Properties, Uses and Analyses. A Handbook for

Oil Manufacturers, Refiners and Merchants, and the Oil and Fat
Industry in General. By George H. Hurst, F.C.S. Sixty-five

Illustrations. 313 pp. 1896. Price 10s. 6d. ; India and Colonies, lis.

;

Other Countries, 12s. ; strictly net, post free.

Contents.

Chapters I., Introductory. Oils and Fats, Fatty Oils and Fats, Hydrocarbon Oils, Uses
of Oils.—II., Hydrocarbon Oils. Distillation, Simple Distillation, Destructive Distillation,

Products of Distillation, Hydrocarbons, Paraffins, Olefins, Napthenes.

—

III., Scotch Shale
Oils. Scotch Shales, Distillation of Scotch Oils, Shale Retorts, Products of Distilling Shales,
Separating Products, Treating Crude Shale Oil, Refining Shale Oil, Shale Oil Stills, Shale
Naphtha Burning Oils, Lubricating Oils, Wax.— IV., Petroleum. Occurrence, Geology, Origin,

Composition, Extraction, Refining, Petroleum Stills, Petroleum Products, Cylinder Oils,

Russian Petroleum, Deblooming .^iineral Oils.—V., Vegetable and Animal Oils. Intro-
duction, Chemical Composition of Oils and Fats, Fatty Acids, Glycerine, Extraction of Animal
and Vegetable Fats and Oils, Animal Oils, Vegetable Oils, Rendering, Pressing, Refining,

Bleaching, Tallow, Tallow Oil, Lard Oil, Neatsfoot Oil, Palm Oil, Palm Nut Oil, Cocoanut
Oil, Castor Oil, Olive Oil, Rape and Colza Oils, Arachis Oil, Niger Seed Oil, Sperm Oils,

Whale Oil, Seal Oil, Brown Oils, Lardine, Thickened Rape Oil.—VI., Testing and Adultera-
tion of Oils. Specific Gravity, Alkali Tests, Sulphuric Acid Tests, Free Acids in Oils, Vis-
cosity Tests, Flash and Fire Tests, Evaporation Tests, Iodine and Bromide Tests, Elaidin
Test, Melting Point of Fat, Testing Machines.—VII., Lubricating Greases. Rosin Oil,

Anthracene Oil, Making Greases, Testing and Analysis of Greases.—VIII., Lubrication.
Friction and Lubrication, Lubricant, Lubrication of Ordinary Machinery, Spontaneous Com-
bustion of Oils, Stainless Oils, Lubrication of Engine Cylinders, Cylinder Oils.

—

Appendices.
A. Table of Baume's Hydrometer— B. Table of Thermometric Degrees—C. Table of Specific

Gravities of Oils

—

Index. |

Press Opinions.

"The book is well printejl, and is a credit alike to author, printerand publisher."

—

Textile

Mercury.
" It will be a valuable addition to the technical library of every steam user's establishment."—Machinery Market.
" Mr. Hurst has in this work supplied a practical treatise which should prove of especial

value to oil dealers, and also, though in a less degree, to oil users."

—

Textile Manufacturer.
" This is a clear and concise treatment of the method of manufacturing and refining lubri-

cating oils. . . . The book is one which is well worthy the attention of readers who are users
of oil."

—

Textile Recorder.
" We have no hesitation in saying that in our opinion this book ought to be very useful to

all those who are interested in oils, whether as manufacturers or users of lubricants, or to

those chemists or engineers whose duty it may be to report upon the suitability of the same
for any particular class of work."

—

Enf^ineer.
" The author is widely known and highly respected as an authority on the chemistry of oils

and the technics of lubrication, and it is safe to say that no work of similar interest or equal
value to the general oil-selling and consuming public has heretofore appeared in the English
language."

—

Drugs, Oils afid Paints, U.S.A.
" This valuable and useful work, which is both scientific and practical, has been written

with a view of supplying those who deal in and use oils, etc., for the purpose of lubrication,

with some information respecting the special properties of the various products which cause
these various oils to be of value as lubricants."

—

Industries and Iron.
" A mere glance at the table of contents is sufficient to show how various are the conditions

to which these materials have to be applied, how much knowledge is required for the selection

of the right kind for each particular purpose, and how by processes of mixture or manufacture
the requisite qualities are obtained in each case."

—

Manchester Guardian.



THE MANUFACTURE OF VARNISHES, OIL RE-
FINING AND BOILING, AND KINDRED INDUS
TRIES. Describing the Manufacture of Spirit Varnishes
and Oil Varnishes ; Raw Materials : Resins, Solvents and Colouring
Principles ; Drying Oils : their Properties, Applications and Prepara-
tion by both Hot and Cold Processes; Manufacture, Employment and
Testing of Different Varnishes. Translated from the French of Ach.
LiVACHE, Ingenieur Civil des Mines. Greatly Extended and Adapted
to English Practice, with numerous Original Recipes. By John
Geddes McIntosh, Lecturer on Oils, Colours and Varnishes, Regent
Street Polytechnic. Twenty-seven Illustrations. 400 pp. 1899.

Price 12s. 6d. ; India and Colonies, 13s. 6d. ; Other Countries, 15s.;

strictly net, post free.

Contents.
!. i<esins : Gum Resins, Oleo Resins and Balsams, Commercial Varieties, Source, Collec-

tion, Characteristics, Chemical Properties, Physical Properties, Hardness, Adulterations.
Appropriate Solvents, Special Treatment, Special Use.— II. Solvents: Natural, Artificial,

Manufacture, Storage, Special Use.— III. Colouring : Principles, (1) Vegetable, (2) Coal Tar,

(3) Coloured Resinates, (4) Coloured Oleates and Linoleates.—Gum Running : Furnaces,
Bridges, Flues, Chimney Shafts, Melting Pots, Condensers, Boiling or Mixing Pans, Copper
Vessels, Iron Vessels (Cast), Iron Vessels (Wrought), Iron Vessels (Silvered), Iron Vessels
(Enamelled), Steam Superheated Plant, Hot-air Plant.—Spirit Varnish Manufacture: Cold
Solution Plant, Mechanical Agitators, Hot Solution Plant, Jacketted Pans, Mechanical
Vgitators, Clarification and Filtration, Bleaching Plant, Storage Plant.—Manufacture, Char-
acteristics and Uses of the Spirit Varnishes yielded by : Amber, Copal, Dammar, Shellac,
Mastic, Sandarac, Rosin, Asphalt, India Rubber, Gutta Percha, Collodion, Celluloid, Resin-
ates, Oleates.—Manufacture of Varnish Stains.—Manufacture of Lacquers.—Manufacture of
Spirit Enamels.—Analysis of Spirit Varnishes.—Physical and Chemical Constants of Resins.
—Table of Solubility of Resins in different Menstrua.—Systematic qualitative Analysis of

Resins, Hirschop's tables.—Drying Oils: Oil Crushing Plant, Oil Extraction Plant, Individual
Oils, Special Treatment of Linseed Oil, Poppyseed Oil, Walnut Oil, Hempseed Oil, Llamantia
Oil, Japanese Wood Oil, Gurjun Balsam, Climatic Influence on Seed and Oil.—Oil Refining
Processes, Thenard's, Liebig's, Filtration, Storage, Old Tanked Oil.—Oil Boiling : Fire Boil-

ng Plant, Steam Boiling Plant, Hot-Air Plant, Air Pumps, Mechanical Agitators, Vincent's
Process, Hadfield's Patent, Storer"s Patent, Walton's Processes, Continental Processes, Pale
Boiled Oil, Double Boiled Oil, Hartley and Blenkinsop's Process.— Driers: Alanufacture.
Special Individual Use of (I) Litharge, (2) Sugar of Lead, (3) Red Lead, (4) Lead Borate,
(5) Lead Linoleate, (6) Lead Resinate, (7) Black Oxide of Manganese, (8) Alanganese Acetate,

(9) Manganese Borate, (10) Manganese Resinate, (11) Manganese Linoleate, .Mixed Resinates
and Linoleates, .Manganese and Lead, Zinc Sulphate, Terebine, Liquid Driers.—Solidified

Boiled Oil.—.Manufacture of Linoleum.—Manufacture of India Rubber Substitutes.—Printing
Ink Manufacture —Lithographic Ink Manufacture.—Manufacture of Oil Varnishes.—Running
and Special Treatment of Amber, Copal, Kauri, Manilla.—Addition of Oil to Resin.—Addition
of Resin to Oil.—Mixed Processes.—Solution in Cold of previously Fused Resin.— Dissolving
Resins in Oil, etc., under pressure. —Filtration.—Clarification.^Storage.^—Ageing.—Coach-
makers' Varnishes and Japans.— Oak Varnishes.—Japanners' Stoving Varnishes.—Japanners'
Gold Size.—Brunswick Black.^Various Oil Varnishes.—Oil-Varnish Stains.—Varnishes for
" Enamels ".— India Rubber Varnishes.—Varnishes Analysis : Processes, Matching.—Faults in

Varnishes: Cause, Prevention.—Experiments and Exercises.

Press Opinions.
"There is no question that this is a useful book."

—

Chemist and Druggist.
" The different formula which are quoted appear to be far more ' practical ' than such as

are usually to be found in text-books ; and assuming that the original was published two or
three years ago, and was only slightly behindhand in its information, the present volume gives
a fair insight into the position of the varnish industry."

—

The Iromiionger.

Letter from the Teacher of a Technical Class.
" As a teacher I have often been consulted as to the best work on Varnish Manufacture

and kindred industries, and have been at a loss in recommending a really practical one. It is

therefore with pleasure that I can now testify as to the merits of the book on these subjects
by A. Livache and J. G. Mcintosh recently published by Messrs. Scott, Greenwood & Co. In

my opinion no varnish maker ought to be without it : moreover, it is the best text-book that
could be put into the hands of trade students or beginners. It has also the merits of being
thoroughly up-to-date and of possessing a remarkably comprehensive index. I can conscien-
tiously recommend it to my students and trade friends."

—

Charles Harrison, Lecturer on
the Manufacture of Painters' Oils, Colours and Varnishes, Borough Polytechnic, Borough
Road, S.E.

•'23rd Mav. 1899"



THE MANUFACTURE OP LAKE PIGMENTS FROM
ARTIFICIAL COLOURS. By Francis H. Jennison,
F.I.C., F.C.S. Sixteen Coloured Plates, showing Specimens of Eighty-
nine Colours, specially prepared from the Recipes given in the Book.
136 pp. 1900. Price 7s. 6d. ; India and Colonies, 8s. ; Other Countries,

8s. 6d. ; strictly net, post free.

Contents.
Chapters I., Introduction.—II., The Groups of the Artificial Colouring Matters.—III., The

.Nature and Manipulation of Artificial CoIours.^—IV., Lake-forming Bodies for Acid Colours.

—

v.. Lake-forming Bodies' Basic Colours.—VI., Lake Bases.—VII., The Principles of Lake
Formation.—VIII., Red Lakes.—IX., Orange, Yellow, Green, Blue, Violet and Black Lakes.

—

X., The Production of Insoluble Azo Colours in the Form of Pigments.—XL, The General
Properties of Lakes Produced from Artificial Colours.—XII., Washing, Filtering and Fin-
ishing.—XIII., Matching and Testing Lake Pigments.—Index.

Press Opinions.
" It^is evidently the result of prolonged research, and cannot but prove a valuable con-

sulting work to those engaged in the industry."

—

Derby Mercury.
"The book is well written and full of just such information as will enable a young man to

put 'brains' into his work. The various classes of ct louring matters are carefully described
and the process by which the lakes are produced fully discussed."

—

Northern Daily Telegraph.
"This work just issued is a very valuable treatise on the manufacture of lake pigments of

the coal-tar series principally. The plan adopted by the author in writing up the subject
enables the manufacture to be very readily understood. . . . The general properties of lakes
produced from artificial colours, washing, filtering and finishing, and matching and testing

lake pigments are well and exhaustively described, so that no manufacturer or user of lake
pigments can well afford to be without this work."

—

Chemical Trade Journal.
"This is undoubtedly a book which will occupy a very high place amongst technical works,

and will prove of exceptional value to all whom it immediately concerns. We have no
hesitation in recommending it as one of the best works of its class we have ever read. Mr.
Jennison has set about his task with a lucid style, and with a complete mastery of his subject.

. . . We do not think students of the technical side of the paint and colour industry can
possibly spend 7s. 6d. in a more profitable way than by buying this publication."

—

Eastern
Morning News.

THE TESTING AND VALUATION OF RAW MATE-
RIALS USED IN PAINT AND COLOUR MANU-
FACTURE. By M. W. Jones, F.C.S. A Book lor the
Laboratories of Colour Works. 88 pp. 1900. Price 5s. ; India and
Colonies, 5s. 6d. ; Other Countries, 6s. ; strictly net, post free.

Contents.
Aluminium Compounds. China Clay. Iron Compounds. Potassium Compounds. Sodium

Compounds. Ammonium Hydrate. Acids. Chromium Compounds. Tin Compounds. Cop-
per Compounds. Lead Compounds. Zinc Compounds. Manganese Compounds. Arsenic
Compounds. Antimony Compounds. Calcium Compounds. Barium Compounds. Cadmium
Compounds. Mercury Compounds. Ultramarine. Cobalt and Carbon Compounds. Oils
Index.

Press Opinions.
"Though this excellent little work can appeal only to a limited class, the chemists in colour

works, yet it will appeal to them very strongly indeed, for it will put them on the track of
short, rapid, and yet approximately, accurate methods of testing the comparative value of
competing samples of raw material used in paint and colour manufacture."

—

North British
Daily Mail.

"This little text-book is intended to supplement the larger and more comprehensive works
on the subject, and it embodies the result of Mr. Jones' experiments and experiences, extend-
ng oyer a long period. It gives, under separate headings, the principal ingredients and im-
purities found in the raw materials, and is a handy work of reference for ascertaining what is

valuable or detrimental in the sample under examination."

—

Blackburn Times.
"There is no attempt at literary adornment nor straining after literary effect, but the

lessons are imparted in simple and concise language. This is just what a text-book should
be. . . . The treatise is certainly most useful, and bears internal evidence of being the results
of actual work in a busy manufactory and not of ephemeral cramming in a technical school.
The chapter arrangement is good, the index satisfactory, and the book is altogether one which
the practical chemist should keep as accessible as his crucibles and filter paper."

—

.Manchester
Courier.
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THE CHEMISTRY OF ESSENTIAL OILS AND ARTI-
FICIAL PERFUMES. By Ernest J. Parry, B.Sc.
(Lond.), F.I.C., F.C.S. Illustrated with Twenty Engravings. 400 pp.
1899. Price 12s. 6d. ; India and Colonies, 13s. 6d. ; Other Countries,
15s. ; strictly net, post free.

Contents.
Chapters I., The General Properties of Essential Oils.— II., Compounds occurring

in Essential Oils.— III., The Preparation of Essential Oils.—IV., The Analysis of
Essential Oils.—V., Systematic Study of the Essential Oils.—VI., Terpeneless Oils.—
VII., The Chemistry of Artificial Perfumes.—Appendix : Table of Constants.

Press Opinions.
"There can be no doubt that the publication will take a high place in the list of scientific

text-books."

—

London Argxis.
" We can heartily recommend this volume to all interested in the subject of essential oils

from the scientific or the commercial standpoint."

—

British and Colonial Druggist.
" Mr. Parry has done good service in carefully collecting and marshalling the results of the

numerous researches published in various parts of the world."

—

Pharmaceutical Journal.
"A most useful appendix is inserted, giving a table of constants for the more important

essential oils. . . . This, in itself, is of sufficient importance and use to warrant the publication
of the book, and, added to the very complete classification and consideration of the essential oils

which precedes it, the volume becomes of great value to all interested."

—

Glasgow Herald.
" At various times monographs have been printed by individual workers, but it may safely

be said that Mr. Parry is the first in these latter days to deal with the subject in an adequate
manner. His book is well conceived and well written. . . . He is known to have sound practi-

cal experience in analytical methods, and he has apparently taken pains to make himself aufait
with the commercial aspects of the suh\ect."—Chemist and Druggist.

" Mr. Parry's reputation as a scientist is fully established, and we can therefore accept any-

work emanating from his pen as being of the greatest practical value. We have perused the
work before us with much care, and are convinced that the contents will be found most service-

able and its publication most opportune. . . . He avoids unnecessary details, but includes
everything that is essential to systematic treatment, while he attempts no more ' than to give
an outline of the principles involved ".

. . . We congratulate Mr. Parry on the scientific value
of his work, and hope that if the progress of the colonies in the manufacture of essential oils

and perfumes equals what we are justified in expecting, it will become an Australian hand-book,
everywhere appreciated."

—

The Australian Brewers' J ourn'al.

DRYING OILS, BOILED OIL AND SOLID AND
LIQUID DRIERS. By L. E. Andes. A Practical Work
for Manufacturers of Oils, Varnishes, Printing Inks, Oilcloth and Lino-
leum, Oilcakes, Paints, etc. Expressly Written for this Series of Special
Technical Books, and the Publishers hold the Copyright for English and
Foreign Editions. Forty-two Illustrations. 360 pp. 1901. Demy 8vo.
Price 12s. 6d. ; India and Colonies, 13s. 6d. ; Other Countries, 15s.

Contents.
Chapters I., General Chemical and Physical Properties of the Drying Oils; Cause of the

Drying Property ; Absorption of Oxygen ; Behaviour towards Metallic Oxides, etc.—II., The
Properties of and Methods for obtaining the Drying Oils.— III., Production of the Drying Oils
by Expression and Extraction; Refining and Bleaching; Oil Cakes and Meal; The Refining
and Bleaching of the Drying Oils; The Bleaching of Linseed Oil.—IV., The Manufacture of
Boiled Oil; The Preparation of Drying Oils for Use in the Grinding of Paints and Artists'

Colours and in the Manufacture of Varnishes by Heating over a Fire or by Steam, by the Cold
Process, by the Action of Air, and by .Means of the Electric Current ; The Driers used in

Boiling Linseed Oil ; The Manufacture of Boiled Oil and the Apparatus therefor ; Livache's
Process for Preparing a Good Drying Oil and its Practical Application.—V., The Preparation
of Varnishes for Letterpress, Lithographic and Copperplate Printing, for Oilcloth and Water-
proof Fabrics ; The Manufacture of Thickened Linseed Oil, Burnt Oil, Stand Oil by Fire Heat,
Superheated Steam, and by a Current of .4ir.—VI., Behaviour of the Drying Oils and Boiled
Oils towards .4tmospheric Influences, Water, Acids and .-Mkalies.—VII., Boiled Oil Substitutes.—^VIII., The Manufacture of Solid and Liquid Driers from Linseed Oil and Rosin; Linolic
Acid Compounds of the Driers.—IX., The Adulteration and Examination of the Drying Oils
and Boiled Oil.

GLUE AND GLUE TESTING. By Samuel Rideal, D.Sc.
Lond., F.I.C. Fourteen Engravings. 144 pp. 1900. Price 10s. 6d.

;

India and Colonies, lis. ; Other Countries, 12s.; strictly net, post free.



Contents.
Chaptprs I., Constitution and Properties: Definitions and Sources, Gelatine, Chondrin

and Allied Bodies, Physical and Chemical Properties, Classification, Grades and Commercial
Varieties.—11., Raw Materials and Manufacture : Glue Stock, Lining, Extraction, Washing
and Clarifying, Filter Presses, Water Supply, Use of Alkalies, Action of Bacteria and of

Antiseptics, Various Processes, Cleansing, Forming, Drying, Crushing, etc.. Secondary Pro-
ducts.— III., Uses of Qlue : Selection and Preparation for Use, Carpentry, Veneering,
Paper-Making, Bookbinding, Printing Rollers, Hectographs, Match Manufacture, Sandpaper,
etc.. Substitutes for other Materials, Artificial Leather and Caoutchouc.—IV., Gelatine :

General Characters, Liquid Gelatine, Photographic Uses, Size, Tanno-, Chrome and Formo-
uelatine. Artificial Silk, Cements, Pneumatic Tyres, Culinary, Meat Extracts, Isinglass, Medi-
cinal and other Uses, Bacteriology.—V., Qlue Testing : Review of Processes, Chemical
Examination, Adulteration, Physical Tests, Valuation of RawjMaterials.—VI., Commercial
Aspects.

Press Opinions.
"This work is of the highest technical character, and gives not only a full and practical ac-

count of the raw materials and manufacture of glues, gelatines and similar substances, but
gives many hints and information on the use of such substances in veneering, carpentry and
many other purposes. Many tests are given for glue in different stages of the progress of its

manufacture, and the commercial value of a commodity so much in general use is exemplified

by statistics and figures. It is certainly a valuable treatise upon an article for which very
little literature in any form has previously been obtainable."

—

Carpenter and Builder.
" Books on the art of glue making are more than usually scarce, and users of that article,

as well as those who may be tempted to embark in the industry, should therefore welcome
this book by Dr. Samuel Rideal, a Fellow of the Institute of Chemistry, and a leading authority.

In this book he has collected the more important facts connected with the manufacture of glue

and allied products, and stated the experience he has gained in examining various commercial
samples during the past ten years. . . . Dr. Rideal's book must be regarded as a valuable con-
tribution to other technical literature, which manufacturers, merchants and users may study
with profit."

—

British Trade Journal,
" This volume is the latest addition to the excellent series of special technical works for

manufacturers and professional and commercial men issued by the well-known publishers of

The Oil and Colourman's Journal. The volume in every way fully maintains the high standard
of excellence of the whole series, and deals with the subject of glue making and glue testing in

a thoroughly exhaustive manner. Chapters are given on the constitution and properties, and
raw material and manufacture, and of the uses of glue, and in this latter respect it will doubtless
be information to many readers to learn to what extent glue enters into the manufacture of

many commercial products not apparently associated with glue. Exhaustive chapters on the

processes and methods of glue testing, and on its commercial aspects, complete this useful and
most carefully prepared volume."

—

Carriage Builders' Journal.

TECHNOLOGY OF PETROLEUM : Oil Fields of the
World—Their History, Geography and Geology—Annual Production
and Development—Oil-well Drilling—Transport. By Henry Neu-
BERGER and Henry Noalhat. Translated from the French by J. G.
McIntosh. 540 pp. Illustrations, Maps and Plates. {In the Press.

Contents.
Part I., Study of the Petroliferous Strata—Chapters I., Petroleum—Definition.—II.,

The Genesis or Origin of Petroleum.

—

III., The Oil Fields of Galicia, their History.—IV.,
Physical Geography and Geology of the Galician Oil Fields.—V., Practical Notes on Galician
Land Law—Economic Hints on Working, etc.—VI., Roumania—History, Geography, Geology.—VII., Petroleum in Russia—History.—VIII., Russian Petroleum (continued)—Geography and
Geology of the Caucasian Oil Fields.—IX., Russian Petroleum (coM^mwed).—X., The Secondary
Oil Fields of Europe, Northern Germany, Alsace, Italy, etc.—XI., Petroleum in France.—XII.,
Petroleum in Asia—Transcaspian and Turkestan Territory—Turkestan—Persia—British

India and Burmah—British Burmah or Lower Burmah—China—Chinese Thibet—Japan,
Formosa and Saghalien.—XIII.. Petroleum in Oceania—Sumatra, Java, Borneo—Isle of
Timor—Philippine Isles—New Zealand.—XIV., The United States of America—History.

—

XV., Physical Geology and Geography of the United States Oil Fields.—XVI., Canadian and
other North American Oil Fields.—XVII., Economic Data of Work in North America.

—

XVIII., Petroleum in the West Indies and South America.—XIX., Petroleum in the French
Colonies.

Part II., Excavations.—Chapter XX., Hand Excavation or Hand Digging of Oil Wells.
Part III., Methods of Boring.—Chapters XXI., Methods of Oil-well Drilling or Boring.

—XXII., Boring Oil Wells with the Rope.—XXIII., Drilling with Rigid Rods and a Free-fall-
Fabian System.—XXIV., Free-fall Drilling by Steam Power.—XXV., Oil-well Drilling by the
Canadian System.—XXVI., Drilling Oil Wells on the Combined System.—XXVII., Com-
parison between the Combined Fauck System and the Canadian.—XXVIII., The American
System of Drilling with the Rope.—XXIX., Hydraulic Boring with the Drill by Hand and
Steam Power.—XXX., Rotary Drilling of Oil Wells, Bits, Steel-crowned Tools, Diamond
Tools—Hand Power and Steam Power—Hydraulic Sand-pumping.—XXXI., Improvements
in and different Systems of Drilling Oil Wells.
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Part IV., Accidents.—Chapters XXXII., Boring Accidents—Jlethods of preventing them
—Methods of remedying them.—XXXIII., Explosives and the use of the "Torpedo" Leviga-

tion.—XXXIV., Storing and Transport of Petroleum.—XXXV., General Advice—Prospecting,
Management and carrying on of Petroleum Boring Operations.

Part v.. General Data.—Customary Formulae.-.Memento. Practical Part. General

Data bearing on Petroleum.—Glossary of Technical Terms used in the Petroleum Industry.

—

Index.

A DICTIONARY OP CHEMICALS AND RAW PRO-
DUCTS USED IN THE MANUFACTURE OF
PAINTS, COLOURS, VARNISHES AND ALLIED
PREPARATIONS. By George H. Hurst, F.C.S. Demy
8vo. 380 pp. 1901. Price 7s. 6d. ; India and Colonies, 8s.; Other
Countries, 8s. 6d. ; strictly net, post free.

Contents.
The names of the Chemicals and Raw Products are arranged in alphabetical order, and

the description of each varies in length from half to eight pages. The following are some of
the articles described and explained : Acetates—Acetic Acid—.4cidimetry—Alcohol—.Alum

—

Ammonia—Amber—Animi—Arsenic—Beeswax—Benzol—Bichromates of Potash and Soda

—

Bleaching Powder—Bone Black—Boric Acid—Brunswick Green—Cadmium Yellow—Car-
bonates—Carmine—Carnauba Wax—Caustic Potash and Soda—Chrome Colours—Clay—Coal
Tar Colours—Copal—Dammar—Drying Oils—Emerald Green—Gamboge—Glue—Glycerine

—

Gums—Gypsum— Indian Red—Japanese Lacquer—Lac—Lakes—Lamp Black—Lead Com-
pounds—Linseed Oil—.Magnesia—.Manganese Compounds—.Mica—Nitric Acid—Ochres

—

Orange Lead—Orr's White—Paraffin—Prussian Blue—Rosin Oil—Sepia—Sienna—Smalts

—

Sodium Carbonate—Sublimed White Lead—Sulphuric Acid—Terra Verte—Testmg Pigments
—-Turpentine— Ultramarine—Umbers—Vermilionettes—White Lead—Whiting—Zinc Com-
pounds.—Appendix: Comparison of Baume Hydrometer and Specific Gravity for Liquids
Lighter than Water—Hydrometer Table for Liquids Heavier than Water—Comparison of
Temperature Degrees—Tables for Converting French .Metric Weights and .Measures into

English—Table of the Elements—etc., etc.—Copious Index.

PURE AIR, OZONE AND WATER. A Practical Treatise
of their Utilisation and Value in Oil, Grease, Soap, Paint, Glue and
other Industries. By W. B. Cowell. Twelve Illustrations. 1900.

Price 5s. ; India and Colonies, 5s. 6d. ; Other Countries, 6s. ; strictly

net, post free.

Contents.
Chapters I., Atmospheric Air; Lifting of Liquids; Suction Process; Preparing Blown Oils ;

Preparing Siccative Drying Oils.— II., Compressed .Air; Whitewash.— III., Liquid Air; Retro-
cession.—IV., Purification of Water; Water Hardness.—V., Fleshings and Bones.—VI., Ozon-
ised Air in the Bleaching and Deodorising of Fats, Glues, etc.; Bleaching Textile Fibres.—
.-\ppendix: Air and Gases; Pressure of Air at Various Temperatures; Fuel; Table of Com
bustibles; Saving of Fuel by Heating Feed Water; Table of Solubilities of Scale Making
.Minerals ; British Thermal Units Tables ; Volume of the Flow of Steam into the Atmosphere ;

Temperature of Steam.—Index.

Press Opinions.
"This is a valuable work in little space. ... In arrangement it is a commendable work,

and its value is increased by the index which brings the little volume to a close."

—

NeivcastU
Daily Journal.

"The book is written solely for manufacturers, who, without doubt, will find it exceedingly
practical and useful. The volume contains an appendix wherein is given a great many tables,
etc., which manufacturers in the trades referred to will find of inestimable value."

—

-Blackburn
Times.

THE MANUFACTURE OF MINERAL AND LAKE
PIGMENTS. Containing Directions for the Manufacture
of all Artificial, Artists and Painters' Colours, Enamel, Soot and Me-
tallic Pigments. A Text-book for Manufacturers, Merchants, Artists
and Painters. By Dr. Josef Bersch. Translated from the Second
Revised Edition by Arthur C. Wright, M.A. (Oxon.), B.Sc. (Lond.),
formerly Assistant Lecturer and Demonstrator in Chemistry at the
Yorkshire College, Leeds. Forty-three Illustrations. 476 pp., demy
8vo. 1901. Price 12s. 6d. ; India and Colonies, 13s. 6d. ; Other
Countries, 15s. ; strictly net, post free.
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Contents.
Chapters I., Introduction.— II., Physico-chemical Behaviour of Pigments.—III., Raw

Materials Employed in the Manufacture of Pigments.^IV., Assistant Materials.—V., Metallic
Compounds.—VI., The Manufacture ot Mineral Pigments.—VII., The Manufacture of White
Lead.—VIII., Enamel White.—IX.. Washing Apparatus.—X., Zinc White.—XI., Yellow
Mineral Pigments.—XII., Chrome Yellow.—XIII., Lead Oxide Pigments.—XIV., Other
Yellow Pigments.—XV., Mosai; Gold.—XVI., Red Mineral Pigments.—XVII., The Manu-
facture of Vermilion.—XVIIL, Antimony Vermilion.—XIX., Ferric Oxide Pigments.—XX.,
Other Red Mineral Pigments.—XXI., Purple of Cassius.—XXII., Blue .Mineral Pigments.

—

XXIII., Ultramarine.—XXIV., .Manufacture of Ultramarine.—XXV., Blue Copper Pigments.
—XXVI., Blue Cobalt Pigments.—XXVII., Smalts.—XXVIII., Green .Mineral Pigments.—
XXIX., Emerald Green.—XXX., Verdigris.—XXXI., Chromium Oxide.—XXXII., Other
Green Chromium Pigments.—XXXIII., Green Cobalt Pigments.-XXXIV., Green Man-
ganese Pigments.—XXXV., Compounded Green Pigments.—XXXVI., Violet Mineral Pig-
ments.—XXXVII., Brown Mineral Pigments.—XXXVIII., Brown Decomposition Products.

—

XXXIX., Black Pigments.—XL., .Manufacture of Soot Pigments.—XLI., .Manufacture of
Lamp Black.—XLIL, The .Manufacture of Soot Black without Chambers.—XLIII.. Indian
Ink.— XLIV., Enamel Colours. — XLV., Metallic Pigments. — XLVI., Bronze Pigments

—

XLVII., Vegetable Bronze Pigments.
Pigments of Organic Origi.v.—Chapters XLVIIL, Lakes.—XLIX., Yellow Lakes.—L.,

Red Lakes.—LI., Manufacture of Carmine.—LII., The Colouring .Matter of Lac.—LIII., Saf-
flower or Carthamine Red.—LI V., .Madder and its Colouring .Matters.—LV., Madder Lakes.

—

LVI., .Manjit (Indian Madder).—LVIl., Lichen Colouring .Matters.—LVI 1 1., Red Wood Lakes.
—LIX., The Colouring .Matters of Sandal Wood and Other Dye Woods.—LX., Blue Lakes.—
LXI., Indigo Carmine.-LXII., The Colouring .Matter of Log Wood.—LXIII., Green Lakes.—
LXIV., Brown Organic Pigments.—LXV., Sap Colours.—LXVI., Water Colours.—LXVI I.,

Crayons.—LXVIIl., Confectionery Colours.—LXIX., The Preparation of Pigments for
Painting.—LXX., The Examination of Pigments.—LXXI., Examination of Lakes.—LXXIL,
The Testing of Dye-Woods.—LXXI 1 1., The Design of a Colour Works.—LXXIV.—Commercial
Names of Pigments.—Appendix : Conversion of Metric to English Weights and Measures,

—

Centigrade and Fahrenheit Thermometer Scales.—Index.

BONE PRODUCTS AND MANURES : An Account of the
most recent Improvements in the Manufacture of Fat, Glue, Animal
Charcoal, Size, Gelatine and Manures. By Thomas Lambert, Techni-
cal and Consulting Chemist. Illustrated by Twenty Plans and Diagrams.
Demy 8vo. 1901. Price 7s. 6d. ; India and Colonies, 8s.; Other
Countries, 8s. 6d.

Contents.
Chapters I., Chemical Composition cf Bones—Arrangement of Factory—Crushing of Bones

—Treatment with Benzene—Benzene in Crude Fat—Analyses of Clarified Fats—Mechanical
Cleansing of Bones—.\nimal Charcoal—Tar and .Ammoniacal Liquor, Char and Gases, from
good quality Bones—Method of Retorting the Bones—Analyses of Chars—" Spent " Chars

—

Cooling of Tar and Ammoniacal Vapours—Value of Nitrogen for Cyanide of Potash—Bone
Oil—Marrow Bones—Composition of .Marrow Fat—Premier Juice—Buttons.—II., Properties
of Glue—Glutin and Chondrin—Skm Glue—Liming of Skins—Washing—Boiling of Skins

—

Clarification of Glue Liquors—Acid Steeping of Bones—Water System of Boiling Bones

—

Steam .Method of Treating Bones—Nitrogen in the Treated Bones—Glue-Boiling and Clarify-

ing-House—Plan showing Arrangement of Clarifying Vats—Plan showing Position of Evapora-
tors— Description of Evaporators—Sulphurous Acid Generator—Clarification of Liquors

—

Section of Drying-House— Specification of a Glue—Size—Uses and Preparation and Composi-
tion of Size—-Concentrated Size.— III., Properties of Gelatine—Preparation of Skin Gelatine
—Washing—-Bleaching-Boiling—-Clarification—^Evaporation—^Drying—Bone Gelatine— Se-
lecting Bones—Crushing—Dissolving—Bleaching—Boiling—Propertiesof Glutin and Chondrin
—Testing of Glues and Gelatines.—IV., The Uses of Glue, Gelatine and Size in Various
Trades—Soluble and Liquid Glues—Steam and Waterproof Glues.—V., .Manures—Importation
of Foodstuffs—Soils—Germination—-Plant Life.—VI., Natural .Manures—Water and Nitrogen
in Farmyard .Manure—Full Analysis of Farmyard .Manure—Action on Crops—Water-Closet
System—Sewage .Manure—Green .Manures.—VII., Artificial .Manures—Bones—Boiled and
Steamed Bones—.Mineral Phosphates—English Coprolites— French and Spanish Phosphorites
—German and Belgian Phosphates—Basic Slag—Guanos Proper—Guano Phosphates.—VIII.,
.Mineral .Manures—Common Salt—Potash Salts—Calcareous .Manures—Prepared Nitrogenous
.Manures—Ammoniacal Compounds—Sodium Nitrate—Potassium Nitrate—Organic Nitro-
genous .Matters—Shoddy—Hoofs and Horns—Leather Waste—Dried .Meat—Dried Blood

—

Superphosphates—Composition—.Manufacture^Section of .Manure-Shed—First and Ground
Floor Plans of .Manure-Shed— Quality of Acid Used—.Mixings—Special .Manures—Potato
.Manure—Dissolved Bones—Dissolved Bone Compound—Enriched Peruvian Guano—Special
.Manure for Garden Stuffs, etc.—Special .Manure for Grass Lands—Special Tobacco Manures
—Sugar-Cane .Manure—Compounding of .Manures—Valuation of .Manures.—IX., Analyses of
Raw and Finished Products—Common Raw Bones—Degreased Bones—Crude Fat—Refined
Fat—Degelatinised Bones—Animal Charcoal—Bone Superphosphates^Guanos—Dried Animal
Products—Potash Compounds—Sulphate of Ammonia.—Index.
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MANUFACTURE OP PAINT. By J. Cruickshank Smith,
B.Sc. With numerous Illustrations. [In the Press.

Contents.
Part I.—Chapters I., Preparation of Raw Material.— II., Storing of Raw Material.— III.,

Testing and Valuation of Raw Material—Paint Plant and Machinery.
Part II.—Chapters V., The Grinding of White Lead.—VI., Grinding of White Zinc—VII.,

Grinding of other White Pigments.—VIII., Grinding of Oxide Paints.—IX., Grinding of Stain-
ing Colours.—X., Grinding of Black Paints.—XI., Grinding of Chemical Colours—Yellows.

—

XII., Grinding of Chemical Colours— Blues.—XIII., Grinding Greens.—XIV., Grinding Reds.
—XV., Grinding Lakes.—XVI., Grinding Colours in Water.—XVII., Grinding Colours in

Turpentine.
Part in.—Chapters XVIII., The Uses of Paint.—XIX., Testing and .Matching, Paints.—

XX., Economic Considerations.—Index.

THE RISKS AND DANGERS OP VARIOUS OCCUPA-
TIONS AND THEIR PREVENTION. By Leonard
A. Parry, M.D., B.S. (Lond.). 196 pp., demy 8vo. 1990. Price 7s. 6d.

;

India and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net, post free.

Contents.
Chapters I., Occupations which are Accompanied by the Generation and Scattering of

Abnormal Quantities of Dust.—II., Trades in which there is Danger of Metallic Poisoning.

—

III., Certain Chemical Trades.—IV., Some .Miscellaneous Occupations.—V., Trades in which
Various Poisonous Vapours are Inhaled.—VI., General Hygienic Considerations.—Index.

This book contains valuable information for the following trades—•-derated Water Manu-
facture, Alkali .Manufacture, Aniline .Manufacture, Barometer .Making, Brass Founders, Bromine
Manufacture, Bronze .Moulders, Brush .Making, Builders, Cabinet Makers, Calico Printing,
Chloride of Lime Manufacture, Coal .Miners, Cocoa-nut Fibre .Making, Colour Grinders,
Copper Miners, Cotton Goods Manufacture, Cotton Yarn Dyeing, Cutlery Trades, Dry Clean-
ing, Electricity Generating, Electroplaters, Explosives Manufacture, File Making, Flint
Milling, Floor Cloth .Makers, Furriers, Fustian Clothing .Making, Galvanised Iron .Manufacture,
Gassing Process, Gilders, Glass Making, Glass Paper .Making, Glass Polishing and Cutting,
Grinding Processes, Gunpowder .Manufacturing, Gutta-percha .Manufacture, Hat .Makers,
Hemp .Manufacture, Horn Goods .Making, Horse-hair .Making, Hydrochloric Acid .Manufacture,
India-rubber .Manufacture, Iodine .Manufacture, Ivory Goods .Making, Jewellers, Jute iManu-
facture, Knife Grinders, Knife Handle .Makers, Lace .Makers, Lacquering. Lead .Melters, Lead
Miners, Leather .Making, Linen .Manufacture Linoleum .Making, Lithographic Printing and
Bronzing, Lithographing, .Masons, .Match .Manufacture, .Melanite .Making, .Mirror .Making,
Needle Grinders, Needle Making, Nitro-benzole .Making, Nitro-glycerine .Making, Paint
Makers, Paper .Making, Philosophical Instrument .Makers, Photographers, Picric Acid .Making,
Portland Cement .Making, Pottery .Manufacture, Printers, Quicksilver .Mining, Rag Pickers,
Razor Grinders, Red Lead .Making, Rope .Making, Sand Paper .Making, Saw Grinders, Scissors
Grinders, Shoddy .Manufacture, Shot .Making, Silk .Making, Silver .Mining, Skinners, Slag, Wood
Manufacture, Steel .Makers, Steel Pen .Making, Stereotypers, Stone .Masons, Straw Hat Makers,
Sulphuric .4cid .Manufacture, Sweeps, Table-knife Grinders, Tanners, Telegraphists, Textile
Industries, Tin .Miners, Turners, Type Founders, Umbrella .Makers, Wall Paper .Making,
White Lead .Making, Wood Working, Woollen .Manufacture, Wool Sorters, Zinc Oxide
Manufacture, Zinc Working, etc., etc.

Press Opinions.
"The language used is quite simple, and can be understood by any intelligent person en-

gaged in the trades dealt with."

—

The Clarion.
"This is an appalling book. It shows that there is scarcely a trade or occupation that has

not a risk or a danger attached to it."

—

Local Government Journal.
" Dr. Parry has not only pointed out the ' risks and dangers of various occupations ' ; he has

suggested means for their prevention. The work is primarily a practical one."

—

Colliery
Manager.

"This is a most useful book which should be in the hands of all employers of labour,
foremen, and intelligent workmen, and is one of great utility to sanitary inspectors, and even
on occasion to medical men."

—

Health.
" The writer has succeeded in collecting a large amount of information, and though one

could wish he had presented it in a rather more attractive style, he has certainly condensed it

into a very small space."

—

Physician and Surgeon.
"The little book before us is one which will be found exceedingly useful to manufacturers

and even factory inspectors. . . . No attempt is made to show how diseases when originated
are to be cured, but, acting on the sound principle that prevention is better than cure, means
are stated how to avoid the harm."

—

Bristol Mercury.
"The author has endeavoured to treat the question in simple rather than in technical lan-

guage, and he has lucidly catalogued the most dangerous trades and their symptoms, and in

each case specified the best methods of dealing with them. . . . To those for whom the volume
is specially designed. Dr. Parry's treatise should be a useful handbook."

—

Sheffield Independent.
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"A very useful manual for employers of labour, foremen, intelligent workmen, and, in spite

of the author's modesty, for medical men. VVe have the peculiar risks and dangers of all the
dangerous trades carefully described ; the mode of action of various chemicals, etc., used in

different industries given, with full directions how to minimise unavoidable risks."

—

Leeds
Mercury.

".Most of the trades in the country are alluded to, and upon those that are dangerous the
necessary attention is bestowed, and means are recommended whereby danger may be pre-

vented or lessened. The author has evidently studied his subject with care, and has made full

use of the experience of others who have had a larger insight into the industries of the country,"
—British Medical Journal.

"The work is well written and printed, and its verbiage such as to be comprehensible to the
workman no less than to the master. The careful and general perusal of a work of this nature
cannot but be attended by beneficial results of a far-reaching nature, and we therefore heartily

recommend the book to our readers. Medical Officers ot Health and Sanitary Inspectors
especially should find the work of great interest."

—

Sanitary Record.
" It is written in simple language, and its instructions can be easily followed. . . . There

are some employers, at any rate, who are more ignorant of, than indifferent to, the slow murder
of their workpeople, and if the facts so succinctly set forth in this book were brought to their

notice, and if the Trade Unions made it their business to insist on the observance of the better
conditions Dr. Parry described, much might be done to lessen the workman's peril."

—

Weekly
Times and Echo.

PRACTICAL X RAY WORK. By Frank T. Addyman,
B.Sc. (Lond.), F.I.C., Member of the Roentgen Society of London;
Radiographer to St. George's Hospital ; Demonstrator of Physics an
Chemistry, and Teacher of Radiography in St. George's Hospital
Medical School. Demy 8vo. Illustrated. [In the Press.

Contents.
Part I., Historical—Chapters I., Introduction.— II., Work leading up to the Discovery of

the X Rays.

—

III., The Discovery.
Part II., Apparatus and its Manag:ement—Chapters I., Electrical Terms.— II., Source?

of Electricity.

—

III., Induction Coils.—IV., Electrostatic Machines.—V., Tubes.—VI., Air
Pumps,

—

VII., Tube Holders and Stereoscopic Apparatus.—VIII., Fluorescent Screens.
Part III., Practical X Ray Worit—Chapters I., Installations.— II., Radioscopy.— III.,

Radiography.—IV., X Rays in Dentistry.—V., X Rays in Chemistry.—VI., X Rays in War.

—

Index.

DRYING BY MEANS OF AIR AND STEAM. Explana-
tions, Formuhe, and Tables for Use in Practice. Translated from the
German of E. Hausbrand. Two Diagrams and Thirteen Tables.

Contents. U"^ ^^''' P^^ss.

Preface.—Chapters I., Introduction.—II., Estimation of th® Maximum Weight of Saturated
Aqueous Vapour which can be contained in 1 kilo, of Air ^t Different Pressure and Tem-
peratures.— III., Calculation of the Necessary Weight and Volume of Air, and of the Least
Expenditure of Heat, per Drying Apparatus with Heated Air, at the Atmospheric Pressure:
A, With the Assumption that the Air is Completely Saturated with Vapour both before Entry
and after Exit from the Apparatus.

—

B, When the Atmospheric Air is Completely Saturated
be/ore entry, but at its exit is only j, J or J Saturated.—C, When the Atmospheric Air is not
Saturated with Moisture before Entering the Drying Apparatus.—IV., Drying Apparatus, in

which, in the Drying Chamber, a Pressure is Artificially Created, Higher or Lower than that
of the Atmosphere.—V., Drying by Means of Superheated Steam, without Air.—VI., Heating
Surface, Velocity of the Air Current, Dimensions of the Drying Room, Surface of the Drying
Material, Losses of Heat.

Leather Trades.
THE LEATHER WORKER'S MANUAL. Being a Com-

pendium of Practical Recipes and Working Formula for Curriers,
Bootmakers, Leather Dressers, Blacking Manufacturers, Saddlers,
Fancy Leather 'Workers, and all Persons engaged in the Manipulation
of Leather. By H. C. Standage. 165 pp. 1900. Price 7s. 6d.

;

India and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net, post free.

Contents.
Chapters I., Blackings, Polishes, Glosses, Dressings, Renovators, etc., for Boot and Shoe

Leather.—II., Harness Blackings, Dressings, Greases, Compositions, Soaps, and Boot-top
Powders and Liquids, etc., etc.— III., Leather Grinders' Sundries.—-IV., Currier's Seasonings,
Blacking Compounds, Dressings, Finishes, Glosses, etc.—V., Dyes and Stains for Leather.

—

VI., .Miscellaneous Information.

—

VII., Chrome Tannage.—Index.
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Press Opinions.
"The book being absolutely unique, is likely to be of exceptional value to all whom it con-

cerns, as it meets a long-felt want."

—

Birmingham Gaziite.

"This is a valuable collection of practical receipts and working formulae for the use of those
engaged in the manipulation of leather. We have no hesitation in recommending it as one of
the best books of its kind, an opinion which will be endorsed by those to whom it appeals."

—

Liverpool Mercury.
" We think we may venture to state, so far as the opinion of the leather trade under the

Southern Cross is concerned, that it will be one of approval. As practical men, having a long
and wide experience of the leather trade in Australia, we are certain that there are many
tanners and curriers carrying on business in remote townships of the colonies to whom such a
manual of practical recipes will be invaluable. . . . This manual is not a mere collection of re-

cipes for the various purposes to which they may be applied, but it is also replete with instruc-
tions concerning the nature of the materials recommended to be used in making up the recipes.

. . . We think every intelligent leather man should avail himself of the manual. It is un-
doubtedly a valuable contribution to the technology of the leather trade."

—

Axtstralicm Leather
Journal and Boot and Shoe Recorder.

PRACTICAL TREATISE ON THE LEATHER IN-
DUSTRY. By A. M. Villon. A Translation of Villon's
" Traite Pratique de la Fabrication des cuirs et du Travail des Peaux ".

By Frank T. Addyman, B.Sc. (Lond.), F.I.C., F.C.S. ; and Corrected
by an Eminent Member of the Trade. 500 pp., royal 8vo. 1901. 123
Illustrations. Price 21s. ; India and Colonies, 22s. ; Other Countries,
23s. 6d. ; strictly net, post free.

Contents.
Preface—Translator's Preface—List of Illustrations.

Part I., Materials used in Tanning— Chapter I., Skins: I., Skin and its Structure; II.,

Skins used in Tanning; III., Various Skins and their Uses— Chapter II., Tannin and Tanning
Substances: I., Tannin; II., Barks (Oak); HI., Barks other than Oak; IV., Tanning
Woods; v.. Tannin-bearing Leaves; VI., Excrescences; VII., Tan-bearing Fruits; VIII.,
Tan-bearing Roots and Bulbs; IX., Tanning Juices ; X., Tanning Substances used in Various
Countries; XL, Tannin Extracts; XII., Estimation of Tannin and Tannin Principles.

Part II., Tanning—Chapter I., The Installation of a Tannary: I., Tan Furnaces; II.,

Chimneys, Boilers, etc.; 111., Steam Engines—Chapter II., Grinding and Trituration of
Tanning Substances: I., Cutting up Bark; II., Grinding Bark; III., The Grinding of Tan
Woods; IV., Powdering Fruit, Galls and Grains; V., Notes on the Grinding of Bark—Chap-
ter III., Manufacture of Sole Leather: I., Soaking; II., Sweating and Unhairing; III.,

Plumping and Colouring; IV., Handling; V., Tanning; VI., Tanning Elephants' Hides;
VII., Drying; VIII. , Striking or Pinning—Chapter IV., Manufacture of Dressing Leather:
I., Soaking; II., Depilation ; III., New Processes for the Depilation of Skins; IV., Tanning;
v., Cow Hides; VI., Horse Hides; VIL, Goat Skins; Manufacture of Split Hides—Chap-
ter v.. On Various .Methods of Tanning: I., Mechanical Methods; II., Physical Methods;
III., Chemical Methods; IV., Tanning with Extracts—Chapter VI., Quantity and Quality:
I., Quantity; II., Net Cost; III., Quality of Leather—Chapter VIL, Various .Manipulations
of Tanned Leather: L, Second Tanning; IL, Grease Stains; HI., Bleaching Leather; IV.,

Waterproofing Leather; V., Weighting Tanned Leather; VI., Preservation of Leather

—

Chapter VIII., Tanning Various Skins.
Part HI., Currying—Chapter I., Waxed Calf: I., Preparation; II. , Shaving; III.,

Stretching or Slicking; IV., Oiling the Grain ; V., Oiling the Flesh Side; VL, Whitening and
Graining; VIL, Waxing; VHL, Finishing; IX., Dry Finishing; X., Finishing in Colour;
XL, Cost—Chapter II. , White Calf: I., Finishing in White—Chapter HI., Cow Hide for

Upper Leathers: I., Black Cow Hide; IL, White Cow Hide; HI., Coloured Cow Hide.—
Chapter IV., Smooth Cow Hide—Chapter V., Black Leather—Chapter VL, Miscellaneous
Hides: L, Horse; II., Goat; HI., Waxed Goat Skin; IV., Matt Goat Skin—Chapter VIL,
Russia Leather: I., Russia Leather; II. Artificial Russia Leather.

Part IV., Enamelled, Hungary and Chamoy Leather, Morocco, Parchment, Furs
and Artificial Leather—Chapter L, Enamelled Leather: I., Varnish Manufacture; II,

Application of the Enamel; HI., Enamelling m Colour—Chapter II. , Hungary Leather: I.,

Preliminary; II., Wet Work or Preparation; III., Aluming; IV., Dressing or Loft Work;
v.. Tallowing; VI., Hungary Leather from Various Hides—Chapter HI., Tawing: I., Pre-
paratory Operations; II. , Dressing; HI., Dyeing Tawed Skins; IV., Rugs—Chapter IV.,

Chamoy Leather—Chapter V., Morocco : I., Preliminary Operations; II. , Morocco Tanning;
HI., Mordants used in Morocco Manufacture; IV., Natural Colours used in Morocco
Dyeing; V., Artificial Colours; VI. Different Methods of Dyeing; VIL, Dyeing with Natural
Colours; VHL, Dyeing with Aniline Colours; IX., Dyeing with Metallic Salts; X., Leather
Printing; XI., Finishing Morocco; XII., Shagreen; XIII., Bronzed Leather—Chapter VI.

,

Gilding and Silvering: I., (lilding; II. , Silvering; III., Nickel and Cobalt—Chapter VIL,
Parchment—Chapter VHL. Furs and Furriery: I., Preliminary Remarks; II. , Indigenous
Furs; HI., Foreign Furs from Hot Countries; IV. Foreign Furs from Cold Countries; V.,

Furs from Birds' Skins; VI. , Preparation of Furs; VIL, Dressing; VHL, Colouring; IX.,

Preparation of Birds' Skins; X., Preservation of Furs—Chapter IX., Artificial Leather: I..
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Leather made from Scraps; II., Compressed Leather; III., American Cloth; IV., Papier
Mache; V., Linoleum; VI., Artificial Leather.

Part v.. Leather Testing and the Theory of Tanning—Chapter I., Testing and Analysis
of Leather: I., Physical Testing of Tanned Leather; II., Chemical Analysis—Chapter II.,

The Theory of Tanning and the other Operations of the Leather and Skin Industry : I.,

Theory of Soaking; II., Theory of Unhairing; III., Theory of Swelling; IV., Theory of

Handling; V. Theory of Tanning; VI., Theory of the Action of Tannin on the Skin; VII.,

Theory of Hungary Leather .Making; VIII., Theory of Tawing; IX., Theory of Chamoy
Leather .Making; X., Theory of Mineral Tanning.

Part VI., Uses of Leather—Chapter I., Machine Belts: I., Manufacture of Belting; II.,

Leather Chain Belts; III., Various Belts, IV., Use of Belts—Chapter II., Boot and Shoe-
making: I., Boots and Shoes; II., Laces—Chapter III., Saddlery: I., Composition of a
Saddle; II., Construction of a Saddle—Chapter IV., Harness: I., The Pack Saddle; II.,

Harness—Chapter V., Military Equipment—Chapter VI., Glove Making^Chapter VII.,

Carriage Building—Chapter VIII., .Mechanical Uses.
Appendix, The World's Commerce in Leather— I., Europe; II., America; III., Asia;

IV., Africa; Australasia—Index.

Press Opinions.
"The book is well and lucidly written. The writer is evidently a practical man, who also

has taken the trouble to make himself acquainted with the scientific and technical side of his

trade. . . . French methods differ largely from our own; sometimes we think our ways the
best, but not always. The practical man may pick up many useful hints which may help him
to improve his methods."

—

Shoe Manufacturers' Month.}' Journal.
" This book cannot fail to be of great value to all engaged in the leather trades. . . . The

British may believe that the French can teach them nothing in the work of leather tanning
generally, but a comparison of the methods of the two countries will certainly yield a few
wrinkles which may lead to advantageous results. Only a man understanding the science and
technique of the trade could have written the book, and it is well done."

—

Midland Free Press.
" Gives much useful and interesting information concerning the various processes by which

the skins of animals are converted into leather. Written by a French Chemist after five

years of constant study and application ; it shows all that detail of analysis which we are
accustomed to find in scientists, and which the practical tanner is too much in the habit of
ignoring, sometimes to his own loss."

—

Leeds Mercury.
" Nor can there be much doubt that this expectation will be fully justified by the result.

Thanks to the conspicuous painstaking with which .Mr. .Aiddyman has discharged his duty, and
the 123 illustrations by which the text is elucidated, the volume can hardly fail to prove a very
valuable standard work of its class. It can thus be confidently recommended to all who are
more or less practically interested in the technology of a very important subject."

—

Leicester

Post.
" M. Villon writes as one having a very full knowledge of all branches of the subject, and in

days when foreign competition has enforced on English manufacturers the importance of no
longer being content with rule-of-thumb methods which have come down to them from their

forefathers it certainly should be worth the while of English tanners to see what lessons they
can learn from French practice, and French practice, we should imagine, could hardly have a
better exponent than the author of this large volume."

—

Western Daily Press and Bristol Times.
" At a time when all or nearly all our British industries are to a greater or less extent

hampered by the pressure of continental and American competition, any hints that can be
obtained as to the methods pursued by competitors must necessarily be of value. . . . That it

will be of interest and value, not merely to English tanners, but to those associated with many
kindred industrial branches, goes without saying. ... As a work of reference the volume will

be extremely useful in the trade, and where leisure affords sufficient opportunity a careful
perusal and study of it would afFord ample reward."

—

Kettering Guardian.
"This is a very handsomely got up and elaborate work just issued by this well-known

technical book-publishing firm. . . . When we say that the work consists of over 500 large
pages with about 120 illustrations, and almost innumerable tables, it will be seen at once that
we cannot attempt anything like an exhaustive risumi of its contents, and even if we did the
details would be of little interest to our general readers, while those who are engaged in the
leather industry will probably obtain the book for themselves—at least they would do well to
do so. . . . Altogether the ' Treatise ' has evidently been very carefully prepared, and by a man
who thoroughly knows the subject, and hence it will be a very valuable technical book for
English firms and workers.' — Walsall Observer.

Books on Pottery, Glass, etc.
THE MANUAL OP PRACTICAL POTTING. Second

Edition, Revised and Enlarged. 200 pp. 1897. Price 17s. 6d.; India
and Colonies, 18s. 6d. ; Other Countries, 20s. ; strictly net, post free.

Contents.
introduction. The Rise and Progress of the Potter's Art.—Chapters I., Bodies. China

and Porcelain Bodies, Parian Bodies, Semi-porcelain and Vitreous Bodies, .Mortar Bodies,
Earthenwares Granite and C.C. Bodies, Miscellaneous Bodies, Sagger and Crucible Clay^
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Coloured Bodies, Jasper Bodies, Coloured Bodies for Mosaic Painting, Encaustic Tile Bodies,
Body Stains, Coloured Dips.

—

II., Glazes. China Glazes, Ironstone Glazes, Earthenware
Glazes, Glazes without Lead, Miscellaneous Glazes, Coloured Glazes, Majolica Colours.—III.,'

Gold and Cold Colours. Gold, Purple of Cassius, Marone and Ruby, Enamel Coloured
Bases, Enamel Colour Fluxes, Enamel Colours, Mixed Enamel Colours, Antique and Vellum
Enamel Colours, Underglaze Colours, Underglaze Colour Fluxes, Mixed Underglaze Colours,
Flow Powders, Oils and Varnishes.—IV., Means and Methods. Reclamation of Waste
Gold, The Use of Cobalt, Notes on Enamel Colours, Liquid or Bright Gold.—V., Classification
and Analysis. Classification of Clay Ware, Lord Playfair's Analysis of Clays, The Markets
of the World, Time and Scale of Firing, Weights of Potter's Material, Decorated Goods
Count.—VI., Comparative Loss of Weight of Clays.—VII., Ground Felspar Calculations.

—

VIII., The Conversion of Slop Body Recipes into Dry Weight.—IX., The Cost of Prepared
Earthenware Clay.—X., Forms and Tables. Articles of Apprenticeship, Manufacturer's
Guide to Stocktaking, Table of Relative Values of Potter's Materials, Hourly Wages Table,
Workman's Settling Table, Comparative Guide for Earthenware and China Manufacturers in

the use of Slop Flint and Slop Stone, Foreign Terms applied to Earthenware and China
Goods, Table for the Conversion of Metrical Weights and Measures on the Continent of South
America, index.

CERAMIC TECHNOLOGY : Being some Aspects of Tech-
nical Science as Applied to Pottery Manufacture. Edited by Charles
F. BiNNS. 100 pp. 1897. Price 12s. 6d. ; India and Colonies, 13s. 6d.

;

Other Countries, 15s. ; strictly net, post free.

Contents.
Preface.— Introduction.—Chapters I., The Chemistry of Pottery.—II., .Analysis and Syn-

thesis.— III., Clays and their Components.—IV., The Biscuit Oven.—V^., Pyrometry.—VI.,

Glazes and their Composition.—VII., Colours and Colour-making.—Index.

RECIPES FOR FLINT GLASS MAKING. By a British
Glass Master and Mixer. Sixty Recipes. Being Leaves from the
Mixing Book of several experts in the Flint Glass Trade, containing
up-to-date recipes and valuable information as to Crystal, Demi-crystal
and Coloured Glass in its many varieties. It contains the recipes for

cheap metal suited to pressing, blowing, etc., as well as the most costly

crystal and ruby. British manufacturers have kept up the quality of

this glass from the arrivals of the Venetians to Hungry Hill, Stour-
bridge, up to the present time. The book also contains remarks as
to the result of the metal as it left the pots by the respective metal
mixers, taken from their own memoranda upon the originals. 1900.

Price for United Kingdom, 10s. 6d. ; Abroad, 15s. ; United States, $4
;

strictly net, post free.

Contents.
~

Ruby—Ruby from Copper—Flint for using with the Ruby for Coating—A German Metal

—

Cornelian, or Alabaster^Sapphire Blue—Crysophis—Opal^Turquoise Blue—Gold Colour

—

Dark Green—Green (common)—Green for .Malachite— Blue for Malachite—Black for Mela-
chite^Black—Common Canary Batch—Canary—White Opaque Glass—Sealing-wax Red

—

Flint— Flint Glass (Crystal and Demi)—Achromatic Glass—Paste Glass—White Enamel

—

Firestone-—Dead White (for moons)—White .Agate—Canary—Canary Enamel— Index.

COLOURING AND DECORATION OP CERAMIC
WARE. By Alex. Brong.mart. With Notes and Additions
by Alphonse Salvetat. Translated from the French. 200 pp. 1898.

Price 7s. 6d. ; Abroad, 8s. ; strictly net, post free.

Contents.
The Pastes, Bodies or Ceramic Articles Capable of bemg Decorated by Vitrifiable Colours

—The Chemical Preparation of Vitrifiable Colours—Composition and Preparation of Vitrifiable

Colours—The Oxides—Preparation of Oxides—Preparation of Chromates—Preparation of
other Colours—Comprsition and Preparation of Fluxes—.Muffle Colours—Recipes for Colours
—Use of Metals—Lustres—Preparation and Application of Colours—Composition of Coloured
Pastes—Underglaze Colours—Colours in the Glaze—Overglaze Colours—Painting in Vitri-

fiable Colours—Gilding—Burnishing— Printing—Enlarging and Reducing Gelatine Prints

—

MufRe Kilns for Vitrifiable Colours—Influence of the Material on the Colour—Changes Re-
sulting from the Actions of the Fire—.Alterations Resulting from the Colours—Alterations in

Pirina.
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HOW TO ANALYSE CLAY. Practical Methods for Prac-
tical Men. By Holden M. Ashby, Professor of Organic Chemistry,
Harvey Medical College, U.S.A. Twenty Illustrations. 1898. Price
2s. 6d. ; strictly net, post free, home or abroad.

Contents.
List of .Apparatus—List of Atomic Weights—Use of Balance, and Burette, Sand Bath, and

Water Bath—Dessicator—Drying Oven-— Filtering—Fusion—Determination of Water, Organic
Matter, Iron, Calcium, Alkalies, Limestone, Silica, Alumina Magnesium, etc.—Mechanical
Analysis—Rational Analysis—Standard Solutions—Volumetric Analysis—Standards for Clay-

Analysis—Sampling.

Architectural Pottery.
ARCHITECTURAL POTTERY. Bricks, Tiles, Pipes, Ena-

melled Terra-cottas, Ordinary and Incrusted Quarries, Stoneware
Mosaics, Faiences and Architectural Stoneware. By Leon Lefevre.
With Five Plates. 950 Illustrations in the Text, and numerous estimates.
500 pp., royal 8vo. 1900. Translated from the French by K. H. Bird,
M.A., and W. Moore Binns. Price 15s.; India and Colonies, 16s.;

Other Countries, 17s. 6d. ; strictly net, post free.

Contents.
Part i. Plain Undecorated Pottery.—Chapter I., Clays: S I, Classification, General Geo-

logical Remarks.—Classification, Origin, Locality: S 2, General Properties and Composition:
Physical Properties, Contraction, Analysis, Influence of Various Suhstances on the Properties
of Clays: 5 3, Working of Clay-Pits— I. Open Pits: Extraction, Transport, Cost—II. Under-
ground Pits—Mining Laws. Chapter II., Preparation of the Clay : Weathering, Mixing,
Cleaning, Crushing and Pulverising—Crushing Cylinders and Mills, Pounding Machines

—

Damping : Damping Machines—Soaking, Shortening, Pugging : Horse and Steam Pug-Mills,
Rolling Cylinders—Particulars of the Above Machines. Chapter III., Bricks: S 1, Manufacture
—(1) Hand and .Machine Moulding.— I. .Machines Working by Compression : on Soft Clay, on
Semi-Firm Clay, on Firm Clay, on Dry Clay.— II. Expression Machines: with Cylindrical Pro-
pellers, with Screw Propellers—Dies—Cutting-tables—Particulars of the Above Machines

—

General Remarks on the Choice of Machines—Types of Installations—Estimates—Plenishing,
Hand and Steam Presses, Particulars—(2) Drying, by Exposure to Air, Without Shelter, and
Under Sheds—Drying-rooms in Tiers, Closed Drying-rooms, in Tunnels, in Galleries—De-
tailed Estimates of the Various Drying-rooms, Comparison of Prices—Transport from
the .Machines to the Drying-rooms, Barrows, Trucks, Plain or with Shelves, Lifts—(3) Firing—1. In Clamps— II. In intermittent Kilns. .^ , Open : a, using Wood; b Coal; fc', in Clamps;
6", Flame

—

H, Closed: c. Direct Flame: c', Rectangular; (", Round; d, Reverberatory—III.

Continuous Kilns : C, with Solid Fuel : Round Kiln, Rectangular Kiln, Chimneys (Plans and
Estimates)

—

[), With Gas Fuel, Fillard Kiln (Plans and Estimates), Schneider Kiln (Plans and
Estimates), Water-gas Kiln—Heat Production of the Kilns; S 'A Dimensions, Shapes, Colours,
Decoration, and Quality of Bricks—Hollow Bricks, Dimensions and Prices of Bricks, Various
Shapes, Qualities—Various Hollow Bricks, Dimensions, Resistance, Qualities; t$ 3, Applications
—History—.Asia, Africa, .America, Europe: Greek, Roman, Byzantine, Turkish, Romanesque,
Gothic, Renaissance, Architecture—Architecture of the Nineteenth Century : in Germany,
England, Belgium, Spain, Holland, France, -America—Use of Bricks—Walls, Arches, Pavements,
Flues, Cornices—Facing with Coloured Bricks—Balustrades. Chapter IV., Tiles: ji 1, His-
tory; S 2, .Manufacture—(I) Moulding, by Hand, by Machinery: Preparation of the Clay, Soft
Paste, Firm Paste, Hard Paste—Preparation of the Slabs, Transformation into Flat Tiles, into
Jointed Tiles—Screw , Cam and Revolver Presses—Particulars of Tile-presses—(2) Drying

—

Planchettes, Shelves, IJrying-barrows and Trucks—(3) Firing—Divided Kilns—Installation of
Mechanical Tileworks—Estimates ; S 3, Shapes, Dimensions and Uses of the Principal Types
of Tile—.Ancient Tiles : Flat, Round, Roman, Flemish—Modern Tiles—^With Vertical Inter-
rupted Join: Gilardoni's, Martin's; Hooked, Boulefs Villa; with Vertical Continuous Join:
Muller's, .Alsace, Pantile—Foreign Tiles—Special Tiles—Ridge Tiles, Coping Tiles, Border
Tiles, Frontons, Gutters, Antefixes, .Membron, Angular—Roofing Accessories: Chimney-pots,
Mitrons, Lanterns, Chimneys—Qualities of Tiles—Black Tiles—Stoneware Tiles—Particulars
of Tiles. Chapter V., Pipes: I. Conduit Pipes— Manufacture— Moulding: Horizontal
Machines, Vertical Machines, Worked by Hand and Steam—Particulars of these Machme»
—Drying—Firing—II. Chimney Flues—Ventiducts and " Boisseaux," " Waggons '"—Particular*
of these Products. Chapter VI., Quarries: 1, Plain Quarries of Ordinary Clay; 2, of Cleaned
Clay—.Machines, Cutting, .Mixing, Polishing—Drying and Firing—Applications—Particulars of
Quarries. Chapter VII., Terra-cotta : History—Manufacture—Application: Balustrades,
Columns, Pilasters, Capitals, Friezes, Frontons, Medallions, Panels, Rose-windows, Ceilings
—Appendix : Official Methods of Testing Terra-cottas.

Part II. JV\ade-up or Decorated Pottery.—Chapter I., General Remarks on the Deco-
ration of Pottery : Dips—Glazes : Composition, Colouring, Preparation, Harmony with
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Pastes—Special Processes of Decoration—Enamels, Opaque, Transparent, Colours. Under-
^laze, Over-glaze—Other Processes ; Crackling, Mottled, Flashing, Metallic Iridescence,

Lustres. Chapter II., Glazed and Enamelled Bricks—History: Glazing—^Enamelling—Appli-

cations: Ordinary Enamelled Bricks, Glazed Stoneware, Enamelled Stoneware—Enamelled
Tiles. Chapter III., Decorated Quarries: I. Paving Quarries— I, Decorated with Dips—2,

Stoneware: A, Fired to Stoneware: a, of Slag Base—Applications; b, of .Melting Clay

—

Applications—/?, Plain or Incrusted Stoneware: ii, of Special Clay (Stoke-on-Trent)—Manu-
facture—Application

—

b, of Felspar Base—^Colouring, Manufacture, .Moulding, Drying, Firing

—Applications.—II. Facing Quarries— 1, in Faience

—

A, of Limestone Paste

—

B, of Silicious

Paste—C, of Felspar Paste—.Manufacture, Firing—2, of Glazed Stoneware^3, of Porcelain

—

Applications of Facing Quarries.—III. Stose Quarries^Preparation of the Pastes, .Moulding,

Firing, Enamelling, Decoration^.Applications—Faiences for Fireplaces. Chapter IV., .Archi-

tectural Decorated Pottery: S 1, Faiences: S 2, Stoneware; § 3, Porcelain. Chapter V.,

Sanitary Pottery : Stoneware Pipes ; .Manufacture, Firing—.Applications—Sinks—-Applications

—Urinals, Seats and Pans—Applications—Drinking-fountains, Washstands. Index.

Press Opinions.
"The work is profusely illustrated, and contains a large amount of useful information, and

should be of great value to manufacturers."

—

Burton Chronicle.

"Should have a huge sale amongst those interested in enamelled terra cottas, ordinary and
incrusted quarries, stoneware mosaics, faiences, and architectural stoneware."

—

Newark
Advertiser.

"The fame of .M. Lefevre's monumental work has already reached this country, and the
capable translation now produced will be cordially welcomed. .Apart from its technical

value, the incitement which the work will give to architectural pottery is a factor that should
not be ignored. . . . The chief value of the work is that all modern processes advocated are

not only clearly explained, but are shown to have justified themselves. In other words, they
represent the survival of the fittest."

—

Manchester Courier.

THE ART OP RIVETING GLASS, CHINA AND
EARTHENWARE. By J. Howarth. Second Edition.
1900. Price Is. net; bj'-post, home or abroad. Is. 2d.

iContents.;
Tools and Materials Required—Wire Used for Rivets—Soldering Solution—Preparation

for Drilling—Commencement of Drilling—Cementing—Preliminaries to Riveting—Rivets to
Make—To Fix the Rivets—Through-and-through Rivets—Soldering—Tinning a Soldering-iron
—Perforated Plates, Handles, etc.—Handles of Ewers, etc.—Vases and Comports—.Marble
and Alabaster Ware—Decorating—How to Loosen Fast Decanter Stoppers—China Cements.

PAINTING ON GLASS AND PORCELAIN AND
ENAMEL PAINTING. A Complete Introduction to the
Preparation of all th^; Colours and Fluxes used for Painting on Porce-
lain, Enamel, Faience and Stoneware, the Coloured Pastes and Col-

oared Glasses, together with a .Minute Description of the Firing of

Colours and Enamels. On the Basis of Personal Practical E.xperience
of the Condition of the Art up to Date. By Felix Her.manx, Technical
Chemist. With Eighteen Illustrations. 300 pp. Translated from the
German. Second and Enlarged Edition. 1897. Price 10s. 6d. ; India
and Colonies, lis.; Other Countries, 12s.; strictly net, post free.

Contents.
History of Glass Painting.—Chapters I., The .Articles to be Paiifted : Glass, Porcelain,

Enamel, Stoneware, Faience.— II., Pigments: 1, .Metallic Pigments: .Antimony Oxide, Naples
Yellow, Barium Chromate, Lead Chromate, Silver Chloride, Chromic Oxide.—-III., Fluxes:
Fluxes, Felspar, Quartz, Purifying Quartz, Sedimentation, Quenching, Borax, Boracic Acid,
Potassium and Sodium Carbonates, Rocaille Flux.— IV., Preparation of the Colours for Glass
Painting.—V., The Colour Pastes.—VI., The Coloured Glasses.—VII., Composition of the
Porcelain Colours.—VIII., The Enamel Colours: Enamels for .Artistic Work.—IX., .Metallic
Ornamentation: Porcelain Gilding, Glass Gilding.—X., Firing the Colours: I, Remarks on
Firing: Firing Colours on Glass, Firing Colours on Porcelain: 2, The .Muffle.^XI., .Accidents
occasionally Supervening during the Process of Firing.^XII., Remarks on the Different
Methods of Painting on Glass, Porcelain, etc.—.Appendix : Cleaning Old Glass Paintings.

Press Opinions.
".Mr. Hermann, by a careful division of his subject, avoids much repetition, yet makes

iufficiently clear what is necessary to be known in each art. He gives very many formulae

;

and his hints on the various applications of metals and metallic lustres to glass and porcelains
llbe found of much interest to the amateur."

—

A rt A mateur, Mew York.
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"For the unskilled and amateurs the name of the publishers will be sufficient guarantee tor
the utility and excellence of Mr. Hermann's work, even if they are already unacquainted with
the author. . . . The whole cannot fail to be both of service and interest to ^lass workers and
to potters }{enerally, especially those employed upon high-class work."

—

Staffordshire Sentinel.
" In Painting on Glass and Porcelain the author has dealt very exhaustively with the

technical as distinguished from the artistic side of his subject, the work being entirely devoted
to the preparation of the colours, their application and firing. For manufacturers and students
it will be a valuable work, and the recipes which appear on almost every page form a very
valuable feature. The author has gained much of his experience in the celebrated Sevres
manufactory, a fact which adds a good deal of authority to the work."

—

Builders Journal,
"The compiler displays that painstaking research characteristic of his nation, and goes at

length into the question of the chemical constitution of the pigments and fluxes to be used in

glass-painting, proceeding afterwards to a description of the methods of producing coloured
glass of all tints and shades. . . . Very careful instructions are given for the chemical and
mechanical preparation of the colours used in glass-staining and porcelain-painting; indeed,

to the china painter such a book as this should be of permanent value, as the author claims to
have tested and verified every recipe he includes, and the volume also comprises a section de-
voted to enamels both opaque and translucent, and another treating of the firing of porcelain,

and the accidents that occasionally supervene in the furnace."—Dai/.v Chronicle.

"In Dr. Hermann's hand-book—if such a term is fitting for so erudite and masterly a treatise

—the student is first delighted by an interesting historical introduction, after which an ex-
haustive description follows of the metallic oxides and salts, the earths and earthy bodies and
the free metals used in the composition of the pigments. All who take an interest in the
colouring properties of matter will not fail to be instructed in this section of the work. . . .

Exhaustive recipes qre given in separate chapters for the composition of the colours and
fluxes for every shade and tint in the painting of glass, porcelain, enamel, faience, and stone-
ware, for the preparation of coloured pastes, for the application of metallic ornamentation, for
the colouring of the foundation in the 'frit' or 'charge' stage, and for the encaustic opera-
tions in the kiln. ... In every district of England where art porcelain and glass is manu-
factured, this treatise should be widely circulated, and its contents made familiar to all engaged,
in whatever capacity, in the trade."

—

Leeds Mercury.

A Reissue of
THE HISTORY OF THE STAFFORDSHIRE POTTER-

IES ; AND THE RISE AND PROGRESS OF THE
MANUFACTURE OF POTTERY AND PORCELAIN.
With References to Genuine Specimens, and Notices of Eminent Pot-
ters. By Simeon Shaw. (Originally Published in 1829.) 265 pp,
1900. Price 7s. 6d. ; India and Colonies, 8s. j Other Countries, 8s. 6d. ;

strictly net, post free.

Contents.
introductory Chapter showing the position of the Pottery Trade at the present time

(1899).—Chapters I., Preliminary Remarlcs.—II., The Potteries, comprising Tunstall,
Brownhills, Greenfield and New Field, Golden Hill, Latebrook, Green Lane, Burslem, Long-
port and Dale Hall, Hot Lane and Cobridge, Hanley and Shelton, Etruria, Stoke, Penkhull,
Fenton, Lane Delph, Foley, Lane End.— III., On the Origfin of the Art, and its Practice
among the early Nations.—IV., JVIanufacture of Pottery, prior to 1700.—V., The introduc-
tion of Red Porcelain by Messrs. Elers, of Bradwell, 1690.—VI., Progress of the Manu-
facture from 1700 to Mr. Wedgwood's commencement in 1760.—VII. Introduction of Fluid
Qiaze.—Extension of the .Manufacture of Cream Colour.—Mr. Wedgwood's Queen's Ware.

—

Jasper, and Appointment of Potter to Her Majesty.—Black Printing.—VIII., introduction
of Porcelain. Mr. W. Littler's Porcelain.—Mr. Cookworthy's Discovery of Kaolin and
Petuntse, and Patent.—Sold to Mr. Champion—resold to the New Hall Com.—Extension of
Term.—IX., Blue Printed Pottery. -Mr. Turner, Mr. Spode (1), Mr. Baddeley, Mr. Spode
(2), .Messrs. Turner, Mr. Wood, .Mr. Wilson, .Mr. Minton.—Great Change in Patterns of Blue
Printed.—X., introduction of Lustre Pottery. Improvements in Pottery and Porcelain
subsequent to 1800.

Press Opinions.
"There is much curious and useful information in the work, and the publishers have rendered

the public a service in reissuing it."

—

Burton Mail.
" Copies of the original work are now of considerable value, and the facsimile reprint now

issued cannot but prove of considerable interest to all interested in the great industry."

—

Derby
Mercury.

" The book will be especially welcomed at a time when interest in the art of pottery manu-
facture commands a more widespread and general interest than at any previous time."

—

Wolverhampton Chronicle.
"This work is all the more valuable because it gives one an idea of the condition of affairs

existing in the north of Staffordshire before the great increase in work and population due to
modern developments."

—

]Vestern Mornini^ Xews.
"... The History gives a graphic picture of North Staffordshire at the end of the last and

the beginning of the present century, and states that in 1829 there was ' a busy and enterprising
community ' in the Potteries of fifty thousand persons. . . . We commend it to our readers is
a most entertaining and instructive publication."

—

Staffordshire Sentinel.
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A Reissue of
THE CHEMISTRY OF THE SEVERAL NATURAL

AND ARTIFICIAL HETEROGENEOUS COM-
POUNDS USED IN MANUFACTURING POR-
CELAIN, GLASS AND POTTERY. By Simeon Shaw.
(Originally published in 1837.) 750 pp. 1900. Price 14s. ; India and
Colonies, 15s. ; Other Countries, 16s. 6d. ; strictly net, post free.

Contents.
PART I., ANALYSIS AND MATERIALS.—Chapters I., Introduction : Laboratory and

Apparatus; Elements: Combinative Potencies, Manipulative Processes for Analysis and
Reagents, Pulverisation, Blow-pipe Analysis, Humid Analysis, Preparatory Manipulations,
General Analytic Processes, Compounds Soluble in Water, Compounds Soluble only in Acids,.

Compounds (Mixed) Soluble in Water, Compounds (.Mixed) Soluble in Acids, Compounds
(Mixed) Insoluble, Particular Analytic Processes.

—

II., Temperature: Coal, Steam Heat for
Printers' Stoves.

—

III., Acids and Alkalies: Boracic Acid, Muriatic Acid, Nitric Acid, Sul-
phuric Acid, Potash, Soda, Lithia, Calculation of Chemical Separations.—IV., The Earths :

Alumine, Clays, Silica, Flint, Lime, Plaster of Paris, Magnesia, Barytes, Felspar, Grauen (or
China Stone), China Clay, Chert.—V., Metals : Reciprocal Combinative Potencies of the Metals,
Antimony, Arsenic, Chromium, Green Oxide, Cobalt, Chromic Acid, Humid Separation of
Nickel from Cobalt, Arsenite of Cobalt, Copper, Gold, Iron, Lead, Manganese, Platinum, Silver,

Tin, Zinc.
PART II., SYNTHESIS AND COMPOUNDS.—Chapters I., Sketch of the Origin and

Progress of the Art.— II., Science of IMixing': Scientific Principles of the Manufacture, Com-
binative Potencies of the Earths.

—

III., Bodies: Porcelain—Hard, Porcelain—Fritted i.odies.

Porcelain—Raw Bodies, Porcelain—Soft, Fritted Bodies, Raw Bodies, Stone Bodies, Ironstone,
Dry Bodies, Chemical Utensils, Fritted Jasper, Fritted Pearl, Fritted Drab, Raw Chemical
Utensils, Raw Stone, Raw Jasper, Raw Pearl, Raw Mortar, Raw Drab, Raw Brown, Raw Fawn,
Raw Cane, Raw Red Porous, Raw Egyptian, Earthenware, Queen's Ware, Cream Colour, Blue
and Fancy Printed, Dipped and Mocha, Chalky, Rings, Stilts, etc.—IV., Qlazes : Porcelain

—

Hard Fritted, Porcelain—Soft Fritted, Porcelain—Soft Raw, Cream Colour Porcelain, Blue
Printed Porcelain, Fritted Glazes, Analysis of Fritt, Analysis of Glaze, Coloured Glazes, Dips,

Smears and Washes; Glasses: Flint Glass, Coloured Glasses, Artificial Garnet, Artificial

Emerald, Artificial Amethyst, Artificial Sapphire, Artificial Opal, Plate Glass, Crown Glass,
Broad Glass, Bottle Glass, Phosphoric Glass, British Steel Glass, Glass-Staining and Painting,

Engraving on Glass, Dr. Faraday's Experiments.—V., Colours : Colour Making, Fluxes or
Solvents, Components of the Colours; Reds, etc., from Qold, Carmine or Rose Colour,
Purple, Reds, etc., from Iron, Blues, Yellows, Greens, Blacks, White, Silver for Burnishing,
Gold for Burnishing, Printer's Oil, Lustres.
PART III., TABLES OF THE CHARACTERISTICS OF CHEMICAL SUB-

STANCES.—Preliminary Remarks, Oxygen (Tables), Sulphur and its Compounds, Nitrogen
ditto, Chlorine|ditto, Bromine ditto. Iodine ditto. Fluorine ditto. Phosphorous ditto, Boron ditto.

Carbon ditto. Hydrogen ditto. Observations, Ammonium and its Compounds (Tables), Thorium
ditto, Zirconium ditto, Aluminium ditto. Yttrium ditto, Glucinum ditto, Magnesium ditto.

Calcium ditto, Strontium ditto, Barium ditto. Lithium ditto. Sodium and its Contpounds,
Potassium ditto. Observations, Selenium and its Compounds (Tables), Arsenic ditto. Chromium
ditto. Vanadium ditto. Molybdenum ditto, Tungsten ditto. Antimony ditto. Tellurium ditto,

Tantalum ditto. Titanium ditto, Silicium ditto. Osmium ditto. Gold ditto. Iridium ditto. Rhodium
ditto, Platinum ditto. Palladium ditto. Mercury ditto. Silver ditto, Copper ditto. Uranium ditto.

Bismuth and its Compounds, Tin ditto. Lead ditto. Cerium ditto. Cobalt ditto, Nickel ditto.

Iron ditto. Cadmium ditto, Zinc ditto. Manganese ditto. Observations, Isomorphous Groups,
Isomeric ditto, Metameric ^.itto. Polymeric ditto. Index.

Press Opinions.
"The atomic weights have been more accurately determined, and experiments in synthetic

chemistry have given us readier methods of producing certain materials requisite, but the
fundamental principles were always discovered, and for all practical purposes the book is a?
valuable now as when first published."

—

Longton Times and Echo.
"This interesting volume has been kept from the pencil of the modern editor and reprinted

in its entirety by the enterprising publishers of The Pottery G<i;e/<« and other trade journals,
. . . There is an excellent historical sketch of the origin and progress of the art of pottery
which shows the intimate knowledge of classical as well as (the then) modern scientific litera-

ture possessed by the late Dr. Shaw; even the etymology of many of the Staffordshire place-
names is given."

—

Glasgou> Herald.
"The historical sketch of the origin and progress of pottery is very interesting and instruc-

tive. The science of mixing is a problem of great importance, and the query how the natural
products, alumina and silica can be compounded to form the best wares may be solved by the
aid of chemistry instead of by guesses, as was formerly the case. This portion of the book may
be most suggestive to the manufacturer, as also the chapters devoted to the subject of glazes,
glasses and colours."

—

Birmingham Post.
" Messrs. Scott, Greenwood & Co. are doing their best to place before the pottery trades,

some really good books, likely to aid the Staffordshire manufacturers, and their spirited enter-
prise is worthy of encouragement, for the utility of technical literature bearing upon tha
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practical side of potting goes without saying. ... They are to be congratulated on the'V

«nterprise in republishing it, and we can only hope that they will meet with the support they
deserve. It seems to be a volume that is worth looking through by both manufacturers and
operatives alike, and all local institutions, at any rate, should secure copies."

—

Sta^ordshire
Sentinel.

Paper Making.
THE DYEING OF PAPER PULP. A Practical Treatise for

the use of Papermakers, Paperstainers, Students and others. By
Julius Erfurt, Manager of a Paper Mill. Translated into English
and Edited with Additions by Julius Hubner, F.C.S., Lecturer on
Papermaking at the Manchester Municipal Technical School. With
Illustrations and 157 patterns of paper dyed in the pulp. Royal 8vo,

180 pp. 1901. Price 15s. ; India and Colonies, 16s.; Other Countries,
20s. ; strictly net, post free. Limited edition.

Contents.
I., Behaviour of the Paper Fibres during the Process of Dyeing, Theory of the

Mordant—Cotton: Flax and Hemp; Esparto; Jute; Straw Cellulose; Chemical and Mechani-
cal Wood Pulp; Mixed Fibres; Theory of Dyeing.—II., Colour Fixing Mediums (Mordants)
—Alum: Aluminium Sulphate; Aluminium Acetate; Tin Crystals (Stannous Chloride): Cop-
peras (Ferrous Sulphate); Nitrate of Iron (Ferric Sulphate) ; Pyrolignite of Iron (Acetate of
Iron); Action of Tannic Acid ; Importance of Materials containing Tannin; Treatment with
Tannic Acid of Paper Pulp intended for dyeing ; Blue Stone (Copper Sulphate) ; Potassium
Bichromate; Sodium Bichromate; Chalk (Calcium Carbonate); Soda Crystals (Sodium Car-
bonate) : Antimony Potassium Tartrate (Tartar Emetic).

—

III., Influence of the Quality ol

the Water Used.—IV., Inorganic Colours— 1. Artificial Mineral Colours: Iron Buff; Man-
ganese Bronze ; Chrome Yellow (Chromate of Lead) ; Chrome Orange (Basic Chromate of
Lead); Red Lead; Chrome Green; Blue with Yellow Prussiate ; Prussian Blue; Method for

Producing Prussian Blue free from Acid; Ultramarine—2. Natural Mineral Colours (Earth
Colours): Yellow Earth Colours: Red Earth Colours; Brown Earth Colours; Green, Grey and
Black Earth Colours; White Earth Colours; White Clay (China Clay): White Gypsum;
Baryta: Magnesium Carbonate; Talc, Soapstone.—V., Organic Colours— 1. Colours of
Vegetable and Animal Origin: (a) Substantive (Direct Dyeing) Colouring Matters: Annatto;
Turmeric: SafHower; (6) Adjective {Indire:t Dyeing) Colouring Matters : Redwood: Cochineal;
Weld ; Persian Berries : Fustic Extract ; Quercitron : Catechu (Cutch) ; Logwood Extract—2.

Artificial Organic (Coal Tar) Colours: Acid Colours; Basic Colours; Substantive (Direct
Dyeing) Colours: Dissolving of the Coal Tar Colours; Auramine°° ; Naphthol Yellow S°

:

Quinoline Yellow°; Metanil Yellow°; Paper Yellow° ; Azoflavine RS°, S° ; Cotton Yellow
Gxx and Rxx; Orange 11°; Chrysoidine A°°, RL°°: Vesuvine Extra°° ; Vesuvine BC°°; Fast
Brown ,Naphthylamine Brown°: Water Blue IN°: Water Blue TB° ; Victoria Blue B^°; Methy
lene Blue MD°°: Nile Blue R°°: New Blue S™ ; Indoine Blue BB°°; Eosine442 Nx : Phloxine
BBN : Rhodamine B<^° : Rhodamine 6G°°: Naphthylamine Red G° ; Fast Red A° ; Cotton
Scarlet- : Erythrine RR°; Erythrine X° ; Erythrine P°: Ponceau 2 R° ; Fast Ponceau G° and
B°; Paper Scarlet P'^°: Saffranine PP°°; Magenta Powder A°°; Acetate of Magenta°°

;

Cerise D 10°°: Methyl Violet BB-°; Crystal VioletO^ ; Acid Violet 3 BN°, 4 R°; Diamond
Green B'^°: Nigrosine WL° : Coal Black°° ; Brilliant Black B°.—VI., Practical Application
of the Coal Tar Colours according to their Properties and their Behaviour towards
the Different Paper Fibres— Coal Tar Colours, which rank foremost, as far as their fastness
to light is concerned ; Colour Combinations with which colourless or nearly colourless Back-
water is obtained : Colours which do not bleed into White Fibres, for Blotting and Copying
Paper Pulp: Colours which produce the best results on Mechanical Wood and on Unbleached
Sulphite Wood : Dyeing of Cotton, Jute and Wool Half-stuff for Mottling White or Light
Coloured Papers: Colours suitable for Cotton: Colours specially suitable for Jute Dyeing:
Colours suitable for Wool Fibres.—VII., Dyed Patterns on Various Pulp Mixtures—
Placard and Wrapping Papers; Black Wrapping and Cartridge Papers; Blotting Papers;
Mottled and Marbled Papers made with Coloured Linen, Cotton and Union Rags, or with
Cotton, Jute, Wool and Sulphite Wood Fibres, dyed specially for this purpose; Mottling with
Dark Blue Linen ; Mottling with Dark Blue Linen and Dark Blue Cotton ; Mottling with Dark
Blue Cotton : Mottling with Dark Blue and Red Cotton ; Mottling with Dark Red Cotton ;

Mottling of Bleached Stuff, with 3 to 4 per cent, of Dyed Cotton Fibres; Mottling with Dark
Blue Union (Linen and Wool or Cotton Warp with Wool Weft): Mottling with Blue Striped
Red Union ; Mottling of Bleached Stuff with 3 to 4 per cent, of Dyed Wool Fibres: Mottling
of Bleached Stuff with 3 to 4 per cent, of Dyed Jute Fibres ; Mottling of Bleached Stuff with
3 to 4 per cent, of Dyed Sulphite Wood Fibres: Wall Papers: Packing Papers.—VIII.,
Dyeing to Shade—Index.

Press Opinion.
"The great feature of the volume is undoubtedly the series of actual patterns of dyed

papers, 157 in all—twelve of which, made in England, have been added to the original German
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series. Detailed formulae are given for the preparation of the pulp for each, and the tints of
the samples practically form a key. by means of which the accuracy of the student's op
practitioner's experiments can be tested. . . . On the whole the publication is one of distinct
importance to the trade, and will no doubt speedily become a standard work of reference
amongst papermakers, both in the ' lab.' and the office, as well as being an excellent text-book
for the use of students in the increasing number of technical institutes in which papermaking
is taught."

—

IVorici's Paper Trade Revieu-.

Enamelling on Metal.
ENAMELS AND ENAMELLING. An Introduction to the

Preparation and Application of all Kinds of Enamels for Technical and
Artistic Purposes. For Enamel Makers. Workers in Gold and Silver,

and Manufacturers of Objects of Art. By Paul Randau. Translated
from the German. With Sixteen Illustrations. 180 pp. 1900. Price
10s. 6d. ; India and Colonies, lis.; Other Countries, 12s.; strictly net,

post free.

Contents.
1., Introduction.—II., Composition and Properties of Glass.—III., Raw Materials for the

Manufacture of Enamels.—IV., Substances Added to Produce Opacity.—V., Fluxes.—VI., Pig-
ments.—VII., Decolorising Agents.—Vlll., Testing the Raw .Materials with the Blow-pipe
Flame.— IX., Subsidiary Materials.—X., Preparing the .Materials for Enamel Making.—XI.,
Mixing the .Materials.—XII., The Preparation of Technical Enamels, The Enamel .Mass.

—

.Kill., .Appliances for Smeltmg the Enamel .Mass.—XIV., Smelting the Charge.—XV., Com-
position of Enamel .Masses.—XVI., Composition of .Masses for Ground Enamels.—XVII.,
Composition of Cover Enamels.

—

XVIII., Preparing the .Articles for Enamelling.—XIX.,
Applying the Enamel.—XX., Firing the Ground Enamel.—XXI., .Applying and Firing the
Cover Enamel or Glaze.—XXII., Repairing Defects in Enamelled Ware.—XXIII., Enamelling
.Articles of Sheet Metal.—XXIV., Decorating Enamelled Ware.—XXV., Specialities in Ena-
inelling.—XXVI., Dial-plate Enamelling.—XXVI 1., Enamels for Artistic Purposes, Recipes
for Enamels of Various Colours.—Index.

Press Opinions.
"Should prove of great service to all who are either engaged in or interested in the art of

enamelling."

—

Jeu-elUrs and Watchmakers' Trade Advertiser.
" I must inform you that this is the best book ever 1 have come across on enamels, and it is

worth double its cost."—J. Minxhin, Jr., Porto, Portugal, 'i'Znd July, 1900.

"This is a very useful and thoroughly practical treatise, and deals with every branch of the
enameller's art. The manufacture of enamels of various colours and the methods of their
application are described in detail. Besides the commoner enamelling processes, some of the
more important special branches of the business, such as cloisonne work are dealt with. The
work is well got up, and the illustrations of apparatus are well executed. The translator is

evidently a man well acquainted both with the German language and the subject-matter of the
book."

—

Imention.
"This is a most welcome volume, and one for which we have long waited in this country.

For years we have been teaching design applied to enamelling as well as to seseral other
crafts, but we have not risen to the scientific side of the question. Here is a handbook dealing
with the composition and making of enamels for application to metals for the most part, but
also for other allied purposes. It is written in a thoroughly practical way, and its author

—

Paul Randau—has made its subject a very particular study. The result, like almost all things
which come from the German chemical expert, is a model of good workmanship and arrange-
ment, and no one who is in search of a handbook to enamelling, no matter whether he is a
craftsman producing his beautiful translucent colours on gold, silver and copper, or the hollow-
ware manufacturer making enamelled saucepans and kettles, can wish for a more usefuf
practical manual."

—

Hiriiiinghain Gazette.

THE ART OF ENAMELLING ON METAL. By W.
Norman Brown. Twenty-eight Illustrations. 60 pp. 1900. Price
2s. 6d. ; Abroad, 3s. ; strictly net, post free.

Contents.
Chapters I., History—Cloisonne—Champs Leve—Translucent Enamel—Surface Painted

Enamels.— II., Cloisonne—Champs Leves—-Translucent—Painted.— III., Painted Enamel

—

Apparatus—Furnaces and .Muffles for Firing.— IV., The Copper Base or Plate— Planishing

—

Cloisons—Champ Leve Plates.—V., Enamels—Trituration—Washing—Coating a Plate with
Enamel—Firing Ordinary Plaques for Painting—Designing—Squaring off.—VI., Designs for
Cloisonne—Designs for Painted Enamels—Technical Processes—Brushes, etc.,—Colours

—

Grisaille—-Full-coloured Designs.
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Press Opinion.
"The information conveyed in The Art oj Enamelling on Metal is as complete as can be ex-

pected in a manual of ordinary length, and is quite ample in all respects to start students in a
most interesting branch of decorative art. All necessary requisites are fully described and
illustrated, and the work is one, indeed, which any one may pursue with interest, for those who
are interested artistically in enamels are a numerous body."

—

Hardware Metals and Machinery.

Books on Textile and Dyeing
Subjects.

THE TECHNICAL TESTING OF YARNS AND TEX-
TILE FABRICS. With Reference to Official Specifica-
tions. Translated from the German of Dr. J. Herzfeld. Sixty-nine
Illustrati(3ns. 200 pp. 1898. Price 10s. 6d. ; India and Colonies,
lis.; Other Countries, 12s.; strictly net, post free.

Contents.
Yarn Testing-. III., Determining- the Yarn Number.—IV., Testing the Length of

Yarns.—\^, Examination of the bxternal Appearance of Yarn.—\n., Determining the
Twist of Yarn and Twist.—VII., Determination of Tensile Strength and Elasticity.—
VIII., Estimating the Percentage of Fat in Yarn.—IX., Detern ination of Moisture
(Conditioning).—Appendix.

Press Opinions.
" It would be well if our English manufacturers would avail themselves of this important

addition to the extensive list of German publications which, by the spread of technical infor-

mation, contribute in no small degree to the success, and sometimes to the supremacy, of

Germany in almost every branch of textile manufacture."

—

Manchester Courier.
"This is probably the most exhaustive book published in English on the subject dealt with.

. . . We have great confidence in recommending the purchase of this book by all manu-
facturers of textile goods of whatever kind, and are convmced that the concise and direct way
in which it is written, which has been admirably conserved by the translator, renders it

peculiarly adapted for the use of English readers."

—

Textile Recorder.
" A careful study of this book enables one to say with certainty that it is a standard work on

the subject. Its importance is enhanced greatly by the probability that we have here, for the
first time in our own language, in one volume, a full, accurate, and detailed account, by a prac-
tical expert, of the best technical methods for the testing of textile materials, whether in the
raw state or in the more or less finished product."^

—

Glasgow Herald.
"The author has endeavoured to collect and arrange in systematic form for the first time

all the data relating to both physical and chemical tests as used throughout the whole of the
textile industry, so that not only the commercial and textile chemist, who has frequently to

reply to questions on these matters, but also the practical manufacturer of textiles and his

subordinates, whether in spinning, weaving, dyeing, and finishing, are catered for. . . . The
book is profusely illustrated, and the subjects of these illustrations are clearly described."

—

Textile Slanu/actiirer.

DECORATIVE AND FANCY TEXTILE FABRICS.
With Designs and Illustrations. By R. T. Lord. A Valuable BooU
for Manufacturers and Designers of Carpets, Damask, Dress and all

Textile Fabrics. 200 pp. 1898. 132 Designs and Illustrations. Price
7s. 6d. ; India and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net,

post free.

Contents.
Chapters I., A Few Hints on Designing Ornamental Textile Fabrics.—II., A Few Hints on

Designing Ornamental Textile Fabrics (continued).^III., A Few Hints on Designing Orna-
mental Textile Fabrics (continued).—IV., A Few Hints on Designing Ornamental Textile
Fabrics (continued).—V., Hints for Ruled-paper Draughtsmen.—VI., The Jacquard Machine.

—

VII., Brussels and Wilton Carpets.—VIII., Tapestry Carpets.—IX., Ingrain Carpets.—X.,
Axminster Carpets.—XI., Damask and Tapestry Fabrics.—XII., Scarf Silks and Ribbons.

—

XIII., Silk Handkerchiefs.—XIV., Dress Fabrics.—XV., Mantle Cloths.—XVI., Figured Plush.
—XVII., Bed Quilts.—XVIII., Calico Printing.

Press Opinions.
"The book can be strongly recommended to students and practical men."

—

Textile Colourist

"Those engaged in the designing of dress, mantle tapestry, carpet and other ornamental
textiles will find this volume a useful work of reference."

—

Leeds Mercury,
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" The'book is to be commended as a model manual, appearing at an opportune time, since
every day is making known a growing desire for development in British industrial art."

—

Dundee A dvertiser.
" Designers especially, who desire to make progress in their calling, will do well to take the

hints thrown out in the first four chapters on 'Designing Ornamental Textile Fabrics'."

—

Nottingham Daily Guardian.
"The writer's avocation is that of a designer for the trade, and he therefore knows what he

is writing about. . . . The work is well printed and abundantly illustrated, and for the author's
share of the work we have nothing but commendation. It is a work which the student designer
will find thoroughly useful."

—

Textile Mercury.

POWER-LOOM WEAVING AND YARN NUMBERING,
According to Various Systems, with Conversion Tables. An Auxiliary

and Text-book for Pupils of Weaving Schools, as well as for Self-

Instruction and for General Use by those engaged in the Weaving
Industry. Translated from the German of An'thon Gruner. With
Twenty-six Diagrams in Colours. 150 pp. 1900. Crown 8vo. Price
7s. 6d. ; India and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net,

post free. i

Contents.
I., Power- Loom Weaving in General. Various Systems of Looms.—IL, Mounting'

and Starting tiie Power- Loom. Knglish Looms.—Tappet or Treadle Looms.—Dobbies.

—

IIL, General Remarks on the Numbering, Reeling and Packing of Yarn.—Appendix.

—

Useful Hints. Calculating Warps.—Weft Calculations.—-Calculations of Cost Price in Hanks.

Press Opinions.
" 4 long-felt want in the weaving industry has been supplied,by the issue of a cheap volume

dealing with the subject."

—

Belfast Evening Telegraph.
"The work has been clearly translated from the German and published with suitable

illustrations. . . . The author has dealt very practically with the subject."

—

Bradford Daily
Telegraph.

"The book, which contains a number of useful coloured diagrams, should prove invaluable
to the student, and its handy form will enable it to become a companion more than some cum-
brous work."

—

Cotton I'actory Times.
" The book has been prepared with great care, and is most usefully illustrated. It is a capital

text-book for use in the weaving schools or for self-instruction, while all engaged in the weaving
industry will find its suggestions helpful."

—

Xorthern Daily Telegraph.
"The various systems are treated in a careful manner: also the different looms and their

manufacture, as well as the whole processes of the work. Yarn numbering according to various
systems, with conversion tables and numerous coloured diagrams, materially assist to a clear
comprehension of the subject."

—

Xoiihern Whig.
"It will be found most useful by those who have not time to go through the large standard

work, and the volume may be aptly described as a nutshell of power-loom weaving. Yarn
numbering according to various systems is dealt with, and conversion tables included, and we
have no hesitation in commending the book to our readers."

—

Oldham Standard.
"The 'inside' managers of our textile mills in which the work is complex or greatly varied,

and where yarns of ditterent materials are in use, will find this work convenient for reference in

case of novelty or difficulty. We may also say the same in relation to the textile student. Its
description of the parts of the loom and their functions will be of use to the latter, being of the
most elementary kind."

—

Textile Mercury.
"The author attempts to fill a gap in weaving literature caused by the neglect of many

obscure points connected with the industry. A short review is given of the power-loom as a
whole, followed by a description of the different parts of the machinery with their advantages
and defects. . . . The book is severely technical, but must on that account be very valuable to
the pupil who is determined to master this industrial art."

—

Cheshire County Xews.
" It is clear and concise, and gives just that knowledge in quality and amount which any

student of the weaving industry ought to consider as a minimum necessary for his thorough
comprehension of his future profession. The handiness and variety of the information com-
prised in Section III., dealing with the numbering and reeling of yarns employed in the various
systems in different countries, struck us as particularly useful."

—

Xorth British Daily Mail.
"This work brings before weavers who are actually engaged in the various branches of

fabrics, as well as the technical student, the different parts of the general run of power-looms in

such a manner that the parts of the loom and their bearing to each other can be readily under-
stood. . . . The work should prove of much value, as it is in every sense practical, and is put
before the reader in such a clear manner that it can be easily understood."

—

-Textile Industries.

"The book under notice is intended as an instructor to those engaged in power-loom weaving,
and, judging by its compilation, the author is a thorough master of the craft. It is not over-
loaded with details, and he manages to compress in a book of some 150 pages all that one can
possibly wish to know about the different parts of the machinery, whether of English or foreign
make, and for whatever kind of cloth required. A comprehensive summary is also included of
the various yarns and methods of numbering them, as well as a few useful hints and a number
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of coloured diagrams for mandarin weavings. The book is printed in bold, legible type, on
good paper, has a copious index, and is well and strongly bound."

—

Ashton-under-Lyne Herald.
" In dealing with the complicated parts of various classes of power-looms, the writer, who is

one of the professors at the Royal Weaving School of Asch, brings to the work a thorough
knowledge of the subject, and, what is of great value, he has the gift of communicating his.

knowledge in a way which is easily understood. The smallest details of loom-setting are
entered into, and a full explanation of problems, which are a source of anxiety to many en-

gaged in overlooking, is given. Students will find the work an admirable text-book, and all

who are interested in weaving will see in it a valuable addition to the literature on this subject.

. . . The book is in small compass, and is crowded with valuable information."

—

Bradford
Observer.

" A short and valuable review is given of the power-loom as a whole, and this is followed by
a description of the mounting of the different parts of the machinery, with their advantages
and defects. In preference to illustrations—the readers bemg presumed to already possess a
suitable acquaintance with the subject—the various systems of numbering yarn are explained,,

together with certain calculations useful in weaving. . . . How power-loom weaving has
advanced in recent years is explained at some length in this book, which will prove invaluable
to intending students of practical weaving, and will also be found very useful to those whose
knowledge of the subject is more advanced, to whom the calculations, which give evidence
of careful study, will frequently come in handy."

—

Stockport Advertiser.

COLOUR: A HANDBOOK OP THE THEORY OP
COLOUR. By George H. Hurst, F.C.S. With Ten
Coloured Plates and Seventy-two Illustrations. 160 pp. 1900.

Price 7s. 6d. ; India and Colonies, 8s. ; Other Countries, 8s. 6d.

;

strictly net, post free.

Contents.
Chapters I., Colour and Its Production. Light, Colour, Dispersion of White Light

Methods of Producing the Spectrum, Glass Prism and Diffraction Grating Spectroscopes, The
Spectrum, Wave Motion of Light, Recomposition of White Light, Hue, Luminosity, Purity
of Colours, The Polariscope, Phosphorescence, Fluorescence, Interference.

—

II., Cause of
Colour in Coloured Bodies, Transmitted Colours, Absorption Spectra of Colouring
Matters.— III., Colour Phenomena and Tiieories. Mixing Colours, White Light from
Coloured Lights, Effect of Coloured Light on Colours, Complementary Colours, Young-
Helmholtz Theory, Brewster Theory, Supplementary Colours, Maxwell's Theory, Colour
Photography.—IV., The Physiology of Lig'ht. Structure of the Eye, Persistence of Vision,
Subjective Colour Phenomena, Colour Blindness.—V., Contrast. Contrast, Simultaneous-
Contrast, Successive Contrast, Contrast of Tone.. Contrast of Colours, Modification of Colours
by Contrast, Colour Contrast in Decorative Design.—VI., Colour in Decoration and
Design. Colour Harmonies, Colour Equivalents, Illumination and Colour, Colour and
Textile Fabrics, Surface Structure and Colour.—VII., Measurement ofJCoiour. [Colour
Patch Method, The Tintometer, Chromometer.

Press Opinions.
" This useful little book possesses considerable merit, and will be of great utility to those for

whom it is primarily intended."

—

Birmingham Post.
" It will be found to be of direct service to the majority of dyers, calico printers and colour

mixers, to whom we confidently recommend it."

—

Chemical Trade Journat.
" It is thoroughly practical, and gives in simple language the why and wherefore of the many

colour phenomena which perplex the dyer and the colourist."

—

Dyer and Calico Printer.

"We have found the book very interesting, and can recommend it to all who wish to master
the different aspects of colour theory, with a view to a practical application of the knowledge so
gained."

—

Chemist and Druggist.
" Mr. Hurst's Handbook on the Theory of Colour will be found extremely useful, not only to

the art student, but also to the craftsman, whose business it is to manipulate pigments and
dyes."

—

Nottingham Daily Guardian.
"This is a workmanlike technical manual, which explains the scientific theory of colour in

terms intelligible to everybody. ... It cannot but prove both interesting and instructive to a.\\

classes of workers in colour."

—

Scotsman.

THE COLOUR PRINTING OP CARPET YARNS. A
Useful Manual for Colour Chemists and Textile Printers. By Davii>
Paterson, F.C.S. Seventeen Illustrations. 132 pp. 1900. Price
7s. 6d. ; India and Colonies, 8s. Other Countries, 8s. 6d. ; strictly net,,

post free.
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Contents.
Chapters I., Structure and Constitution of Wool Fibre.— II., Yarn Scouring.—III., Scouring

Materials.—IV., Water for Scouring.—V., Bleaching Carpet Yarns.—VI., Colour Making for
Yarn Printing.—VII., Colour Printing Pastes.—VIII., Colour Recipes for Yarn Printing.—
IX., Science of Colour Mixing.—X., Matching of Colours.—XI., "Hank" Printing.—XII.,
Printing Tapestry Carpet Yarns.—XIII., Yarn Printing.—XIV., Steaming Printed Yarns.

—

XV., Washing of Steamed Yarns.—XVI., Aniline Colours Suitable for Yarn Printing.—XVII.,
Glossary of Dyes and Dye-wares used in Wood Yarn Printing.—Appendix.

Press Opinions.
"The book is worthy the attention of the trade."

—

Worcester Herald.
"The treatise is arranged with great care, and follows the processes described in a manner

at once clear and convincing."

—

Glas)^Oii.' Record.
"A most useful manual dealing in an intelligible and interesting manner with the colour

printing of carpet yarns."

—

Kidderminster Times.
" An eminent expert himself, the author has evidently strained every effort in order to make

his work the standard guide of its class."

—

Leicester I'ost.

" The book, which is admirably printed and illustrated, should fulfil the need of a practical
^uide in the colour printing of carpet yarns.

—

Xottiii^ham Express.
"The subject is very exhaustively treated in all its branches. . . . The work, which is very

well illustrated with designs, machines, and wool fibres, will be a useful addition to our textile

literature."

—

Sortheni II hig.
" It gives an account of its subject which is both valuable and instructive in itself, and likely

to be all the more welcome because books dealing with textile fabrics usually have little or
nothing to say about this way of decorating them."

—

Scotsman.
"The work shows a thorough grasp of the leading characteristics. as well as the minutae of

the industry, and gives a lucid description of its chief departments. ... As a text-book in

technical schools where this branch of industrial education is taught,|the book is valuable, or
it may be perused with pleasure as well as profit by any one having an interest in textile in-

dustries."

—

Dundee Courier.
" The book bears every mark of an extensive practical knowledge of the subject in all its

bearings, and supplies a real want in technical literature. Chapters IX. and X., on the science
of colour mixing and colour matching respectively, are especially good, and we do not remem*
ber to have seen the bearing of various kinds of light, and of the changes from one kind of light

to another on the work of the colourist, so well treated elsewhere."

—

Dyer and Calico PriMer,
"It is thoroughly practical, and contains much information which has not hitherto appeared

in book form. It is pleasing to note that the practical part is not crowded out with purely
practical recipes '. A few typical examples are given, and the rest is left to the common sense
and judgment of the printer or works' chemist. Another pleasing feature is the accounts given
here and there of the author's own researches on the subject. The work will be of interest to
printers of wool generally, and to those engaged in the dyeing of this fibre."

—

Journal of the

Society of Dyers and Colourists.

A PRACTICAL TREATISE ON THE BLEACHING OF
LINEN AND COTTON YARN AND FABRICS. By
L. Tailfek, Chemical and Mechanical Engineer. Translated from the
French by John Geddes McIntosh, Lecturer on Chemical Technology,
London. 190L Price 12s. 6d. ; India and Colonies, 13s. 6d ; Other
Countries, 15s. ; strictly net, post free.

Contents.
Chapter I. General Considerations on Bleaching. Chapter II. Steeping. Chapter III

Washing: Its End and Importance— Roller Washing Machines—Wash Wheel (Dash Wheel)

—

Stocks or Wash .Mill—Squeezing. Chapter IV. Lye Boiling—Lye Boiling with .Milk of Lime
—Lye Boiling with Soda Lyes— Description of Lye Boiling Keirs—Operations of Lye Boiling
—Concentration of Lyes. Chapter V. .Mather and Piatt's Keir—Description of the Keir^
Saturation of the Fabrics—Alkali used in Lye Boiling—Examples of Processes. Chapter VI.
Soap—Action of Soap in Bleaching—Quality and Quantity of Soaps to use in the Lye—Soap
Lyes or Scalds—Soap Scouring Stocks. Chapter VII. Bleaching on Grass or on the Bleach-
ing Green or Lawn. Chapter VIII. Chemicking—Remarks on Chlorides and their De-
colourising .Action—Chemicking Cisterns—Chemicking—Strengths, etc. Chapter IX. Sours
—Properties of the Acids—Effects Produced by .Acids—Souring Cisterns. Chapter X.
Drying— Drying by Steam—Drying by Hot .Air—Drying by Air. Chapter XI. Damages to

Fabrics in Bleaching—Yarn .Mildew—Fermentation— Iron Rust Spots—Spots from Contact
with Wood—Spots incurred on the Bleaching Green— Damages arising from the Machines.
Chapter XII. Examples of .Methods used in Bleaching—Linen—Cotton. Chapter XIII. The
Valuation of Caustic and Carbonated Alkali (Soda) and General Information Regarding these
Bodies—Object of Alkalimetry—Titration of Carbonate of Soda—Comparative Table of
Different Degrees of Alkalimetrical Strength—Five Problems relative to Carbonate of Soda
—Caustic Soda, its Properties and Uses— .Mixtures of Carbonated»and Caustic Alkali—Note
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on a Process of Manufacturing Caustic Soda and Mixtures of Caustic and Carbonated Alkali

(Soda). Chapter XIV. Chlorometry—Titration—Wagner's Chlorometric .Method—Prepara-
tion of Standard Solutions—Apparatus for Chlorine Valuation—Alkali in Excess in De-
colourising Chlorides. Chapter XV. Chlorine and Decolourising Chlorides—Synopsis

—

Chlorine—Chloride of Lime—Hypochlorite of Soda—Brochoki's Chlorozone—Various De-
colourising Hypochlorites—Comparison of Chloride of Lime and Hypochlorite of Soda.
Chapter XVL Water—Qualities of Water—Hardness—Dervaux's Purifier—Testing the

Purified Water—Different Plant for Purification—Filters. Chapter XVH. Bleaching of

Yarn—Weight of Yarn—Lye Boiling—Chemicking—Washing—Bleaching of Cotton Yarn.
Chapter XVin. The Installation of a Bleach Works—Water Supply—Steam Boilers—Steam
Distribution Pipes—Engines—Keirs—Washing .Machines—Stocks—Wash Wheels—Chemick-
ing and Souring Cisterns—Various— Buildings. Chapter XIX. Addenda—Energy of De-
colourising Chlorides and Bleaching by Electricity and Ozone—Energy of Decolourising

Chlorides—Chlorides—Production of Chlorine and Hypochlorites by Electrolysis—Lunge's
Process for increasing the intensity of the Bleaching Power of Chloride of Lime—Trilfer's

Process for Removing the Excess of Lime or Soda from Decolourising Chlorides—Bleaching
by Ozone.

THE SCIENCE OP COLOUR MIXING. A Manual in-

tended for the use of Dyers, Calico Printers and Colour Chemists. By
David Paterson, F.C.S. Forty-one Illustrations, Five Coloured Plates,

and Four Plates showing Eleven Dyed Specimens of Fabrics. 1900.

Price 7s. 6d. ; India and Colonies, 8s. ; Other Countries, 8s. iSd.
;

strictly net, post free.

Contents.
Chapters I., Colour a Sensation; Colours of Illuminated Bodies; Colours of Opaque and

Transparent Bodies; Surface Colour.— II., Analysis of Light: Spectrum; Homogeneous
Colours; Ready Method of Obtaining a Spectrum.—III., Examination of Solar Spectrum:
The Spectroscope and Its Construction; Colourists' Use of the Spectroscope.—IV.. Colour by
.\bsorption ; Solutions and Dyed Fabrics : Dichroic Coloured Fabrics in Gaslight.—V., Colour
Primaries of the Scientist versus the Dyer and Artist: Colour Mixing by Rotation and Lye
Dyeing; Hue, Purity, Brightness: Tints; Shades, Scales, Tones, Sad and Sombre Colours.

—

VI., Colour .Mixing; Pure and Impure Greens, Orange and Violets; Large Variety of Shades
from few Colours; Consideration of the Practical Primaries: Red, Yellow and Blue.—VII.,
Secondary Colours; Nomenclature of Violet and Purple Group: Tints and Shades of Violet:
Changes in Artificial Light.—VIII., Tertiary Shades : Broken Hues; Absorption Spectra of

Tertiary Shades.—-Appendix: Four Plates with Dyed Specimens Illustrating Text.—Index.

Press Opinions.
"The work has evidently been prepared with great care, and, as far as we can judge, should

be very useful to the dyer and colourist."

—

Halifax Courier.
"The volume, which is clearly and popularly written, should prove of the utmost service to

all who are concerned with the practical use of colours, whether as dyers or painters."

—

Scotsman.
"To the practical colourist, and also to technical students, Mr. Paterson's new work will be

very welcome We are often asked to recommend books on different subjects, and have no
hesitation in advising the purchase of the present volume by dyers and calico printers, as con-
taining a mass of most useful information at a nominal price."

—

Irish Textile Jonmai.
" Mr. Paterson's work not only clearly deals with the theory of colour, but supplies lucid

directions for the practical application of the theory. His work, will be found exceedingly
helpful, not only to the practical colourist, but also to students in our textile colleges, by
forming a useful complement to their class lectures. There are several exquisitely coloured
plates and a large number of other illustrations of theory and practice in colour blending, and
also a series of plates with specimens of dyed fabrics attached, in explication of the author's
views."

—

Wakefield Express.
" Mr. Paterson has little to say upon the experimental aspect or on its aesthetics, but much

upon the theory of colour, especially as it bears upon the question—an all-important one to
dyers, calico printers and artists, who have to produce such a variety of shades and tints—of
the admixture of one colour upon another. . . . The author is a dyer, and in his concluding
chapters keeps well before him the special wants and requirements of dyers. He writes
pleasantly and lucidly, and there is no difficulty in following him, although here and there a
lapse into ambiguousness occurs. The book is well printed, generously supplied with coloured
plates, very nicely if not brightly got up; and the dyed patterns at the end enhance the value
of the book to the dyer."

—

Textile Mercury.
" For some time the proprietors of The Oil and Coloiiriiian's Journal have been engaged in

the publication of a series of practical handbooks intended for the use of those interested in

certain branches of technology, and the present volume is the latest addition to their list.

The feature which the works have in common—and it is an all-important one in treatises of
this sort—is their eminently practical character. The primary aim of the publishers is to
provide scientific text-books which will be helpful to those who are either actively engaged in
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the practice of the arts in question, or who are studying with that immediate end in view. . .

Mr, Paterson speaks with that assured knowledge of an expert, and in the present volume, as
in that which he has already contributed to the same series, he sets forth the true foundation
of the art of colouring in a manner at once comprehensive and judicious. . . . For dyers,
calico printers and colourists in general, whose desire it is to work with accuracy in their
respective branches, the treatise will prove an invaluable guide-book, provided the principles
and methods it describes are studied with intelligence and care. To this end, every encourage-
ment has been given that well-chosen examples, carefully executed plates and diagrams, and
an exhaustive index can supply."

—

Glasgow Herald.

COLOUR MATCHING ON TEXTILES. A Manual in-

tended for the use of Students of Colour Chemistry, Dyeing and
Textile Printing. By David Paterson, F.C.S. Coloured Frontis-
piece. Twenty-eight Illustrations and Fifteen Specimens of Dyed
Fabrics Illustrating Text. [In the Press.

Contents.
Chapters I., Colour Vision and Structure of the Kye—Perception of jColour—Primary

and Complementary Colour Sensations.— II., Daylight for Colour Matching—Selection of a
Good Pure Light—Diffused Daylight, Direct Sunlight, Blue Skylight, Variability of Daylight,
etc., etc.— III., Matching of Hues—Purity and Luminosity of Colours—.Matching Bright Hues
•—Aid of Tinted Films—Matching Difficulties Arising from Contrast.—IV., Examination of
Colours by Reflected and Transmitted Lights—Effect of Lustre and Transparency of Fibres
in Colour Matching.—V., Matching of Colours on Velvet Pile—Optical Properties of Dye-
stuffs, Dichroism, Fluorescence.—VI., Use of Tinted Mediums—Orange Film—Defects of the
Eye—Yellowing of the Lens—Colour Blindness, etc.—VII., .Matching of Dyed Silk Trimmings
and Linings and Bindings—Its Difficulties—Behaviour of Shades in Artificial Light—Colour
Matching of Old Fabrics, etc.—VIII., Examination of Dyed Colours under the Artificial Lights
—Electric Arc, Magnesium and Dufton, Gardner Lights, Welsbach, Acetylene, etc.—Testing
Qualities of an Illuminant.—IX., Influence of the Absorption Spectrum in Changes of Hue
under the Artificial Lights—Study of the Causes of Abnormal Modifications of Hue, etc.

THE DYEING OP COTTON FABRICS: A Practical
Handbook for the Dyer and Student. By Franklin Beech. Forty-
four Illustrations. [In the Press.

Contents.
Chapters I., Structure and Chemistry of the Cotton Fibre.— II., Scouring and Bleaching of

Cotton.— III., Dyeing Machinery and Dyeing Manipulations.— IV., Principals and Practice of

Cotton Dyeing— 1, Direct Dyeing; 2, Direct Dyeing followed by Fixation with Metallic Salts;

3, Direct Dyeing followed by Fixation with Developers; 4, Direct Dyeing followed by Fixation
with Couplers ; 5, Dyeing on Tannic Mordant ; 6, Dyeing on Metallic Mordant ; 7, Production
of Colour Direct upon Cotton Fibres ; 8, Dyeing Cotton by Impregnation with Dye-stuff Solu-
tion.—V., Dyeing Union (.Mixed Cotton and Wool) Fabrics.—VI., Dyeing Half Silk (Cotton-
Silk, Satin) Fabrics.—VII., Operations follow'ing Dyeing—Washing, Soaping, Drying.—VIIL,
Testing of the Colour of Dyed Fabrics.— IX., Experimental Dyeing and Comparative Dye
Testing.—Index.

Books for Mining Engineers
and Steam Users.

JRECOVERY WORK AFTER PIT FIRES. A Description
of the Principal Methods Pursued, especially in Fiery Mines, and of

the Various Appliances Employed, such as Respiratory and Rescue
Apparatus, Dams, etc. By Robert Lamfrecht, Mining Engineer and
Manager. Translated from the German. Illustrated by Six large

Plates, containing Seventy-six Illustrations. 175 pp., demy 8vo. 1901.

Price 10s. 6d. ; India and Colonies, lis.; Other Countries, 12s.;

strictly net, post free.

Contents.
Preface.—I., Causes of Pit Fires: 1, Fires Resulting from the Spontaneous Ignition of

Coal; 2, Fires Caused by Burning Timber; 3, Fires Caused by Fire-damp Explosions.

—

IL,

Preventive Regulations: 1, The Outbreak and Rapid Extension of a Shaft Fire can be
most reliably prevented by limploying little or no Combustible Material in the Construction of

the Shaft; 2, Precautions for Rapidly Localising an Outbreak of Fire in the Shaft; 3, Pre-
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cautions to be Adopted in case those under 1 and 2 Fail or Prove Inefficient Precautions-
against Spontaneous Ignition of Coal. Precautions for Preventing Explosions of Fire-damp
and Coal Dust. Employment of Electricity in Mining, particularly in Fiery Pits. Experiments
on the Ignition of Fire-damp Mixtures and Clouds of Coal Dust by Electricity.— III., Indica-
tions of an Existing: or Incipient Fire.—IV., Appliances for Woridng in Irrespirable
Gases : 1, Respiratory Apparatus; 2, Apparatus with Air Supply Pipes, (a) The Bremen Smoke
Helmet, (6) The Mijller Smoke Helmet, (c) The Stolz Rescue Mask; 3, Reservoir Apparatus;
4, Oxygen Apparatus. The Schwann Respiratory Apparatus. The Fleuss Respiratory Ap-
paratus. The Improved Walcher-Giirtner Pneumatophor, (a) The Single Bottle Apparatus,
Instructions for Using the Pneumatophor, Taking to Pieces and Resetting the Apparatus
ready for Use; (b) Two Bottle Apparatus (Shamrock Type). The Neupert Rescue Apparatus
(The Mayer-Pilar System).—V. Extinguishing: Pit Fires : (a) Chemical Means ; (b) Extinction
with Water. Dragging down the Burning Masses and Packing with Clay; (c) Insulating the
Seat of the Fire by Dams. Dam Building. Dam Work in the Fiery Pits of Southern Hungary ;

(a) Cross-dams of Clay; (b) Masonry Dams, Gallery Linings. Wagner's Portable Safety Dam.
Analyses of Fire Gases. Isolating the Seat of a Fire with Dams: Working in Irrespirable
Gases (" Gas-diving ") : 1, Air-Lock Work (Horizontal Advance) on the Mayer System as Pur-
sued at Karwin in 1894 ; 2, Air-Lock Work (Horizontal Advance) by the Mauerhofer Modified
System. Vertical Advance. Mayer System. Complete Isolation of the Pit. Flooding a
Burning Section isolated by means of Dams. Wooden Dams: (a) Upright Balk Dams; {b}

Horizontal Balk Dams ; (c) Wedge Dams, Masonry Dams. Examples of Cylindrical and Dome-
shaped Dams. Dam Doors : Flooding the Whole Pit.—VI., Rescue Stations: (n) Stations
above Ground; (b) Underground Rescue Stations.—VII., Spontaneous lg:nition of Coal in-

Bulk.—Index.
Illustrations.

Sheet I., Respiratory and Rescue Appliances—Precautions against Fire. Figs. U
Smoke Helmet; 2, Mtiller's Smoke Helmet; 3, Low-pressure Respiration .Apparatus; 4, High
pressure Respiration Apparatus; 5, The Stolz Mask for Rescue Work; 6, Precautions against
Fire.—Sheet II., Respiratory and Rescue Apparatus. Figs. 1, Recovery Work with
.Mijllers Smoke Helmet after a Fire; 2-8, The Fleuss Respiration Apparatus: 9, The Walcher-
Gartner Pneumatophor: 10-12, Pneumatophor (Shamrock Type).—Sheet III., Respiratory
and Rescue Apparatus—Stretchers. Figs. 1-8, Rescue Apparatus manufactured by O.
Xeupert's Successor (.Mayer-Pilar System) ; 1, Front View ; 2, Section through Bag and Mask :

3, Rear View ; 4, Apparatus and Mask laid out Flat (view from above) ; 5, Apparatus and .Mask
laid out Flat (view from below); 6, Locking Device for Closing Bag; 7, Apparatus Complete,.
Mounted for Rescue Work; 8, Improved Valve in the Respiration Tubes; 9-12, Stretcliers.
Fig. 9, Stretcher Covered with Brown Canvas; 10, Stretcher Covered with Brown Canvas,
fitted with Adjustable Head-rest; U, Folding Stretcher Covered with Brown Canvas; 12,

Rupprecht's Stretcher Covered with Brown Canvas ; 13, Dr. Riihlmann's Stretcher.—Sheet
IV., Dams. Figs. 1-7, R. Wagner's Portable Safety Dam.—Sheet V., Signalling: Appliances
—Dam Construction—Cable Laying. Figs. 1-3, Signalling Appliances; 1, Small Induction
Apparatus for Pit Work; 2, Bell Signal for Pit Work; 3, Pit Telephone: 4-18, Dam Con-
struction; 4, 5, Upright Timber Dam; 6, 7, Timber Dam with Wooden Door; 8, 9, Dome-
shaped Dams; 10, 11, Dome-shaped Dam with Iron Door; 12, 13, The Wenker and Berninghaus
Locking Device for Dam Doors; 14-17, Dam Construction; 18, Damming a Gallery Lined with
Iron ; 19, Support for Cable.—Sheet VI., Working with Diving Gear in Irrespirable Qases-
—Gallery Work. Figs. 1-4, .Air-Lock Work (.Mayer System) ; 5-7. Air-Lock (Mauerhofer's
.Modification of the Mayer System); 8-11, Construction of Dams at the Pluto Shaft.—Sheet
VII., Working with Diving Gear in Irrespirable Gases (Mayer System)—Appliances in
the Shaft. Figs. 1, 2, Sections of Shaft and .Air .Apparatus; 3, Salzmann Reducing Valve for

Reserve Air Supply ; 4, 5, L. v. Bremen's Respiration .Apparatus with Karwin Reserve Ap-
pliance: 6, Cross Section of the Franziska Shaft; 7, .Method of Supplying Air to Main Pipe
and Winding same on Drum ; 8, Clamp.

Press Opinions.
"This book is, in a manner, unique. The literature of mining accidents is fairly extensive,

but it consists largely of departmental Blue Books."

—

Sheffield Daily Telegraph.
"A concise and lucid description of the principal methods pursued, especially in fiery

mines, and of the various appliances employed, such as respiratory and rescue apparatus,
dams, etc."

—

Staffs Advertiser. ,

" The prevention of spontaneous combustion in collieries and the extinction of underground
fires are duties that fall heavily on many colliery managers. They should, therefore, welcome
this translation of .Mr. Lamprecht's German treatise."

—

Ironmonger.
"The book under notice supplies the needed full description, drawings, and mode of using

these new appliances in actual fires, and should be studied by every colliery manager, seeing
that even our best managed collieries have not been free from fires, more or less disastrous
to life and property.

—

Colliery Manager.
" Herr Lamprecht has collated such a vast mass of useful information that it can never

fail to be of utility to the mine manager, even though, on occasion, it should only be in the
direction of inducing measures to prevent a recurrence of similar calamities."

—

Newcastle
Chronicle.

" It is the only existing work which deals exclusively with the branch of the miner's art

indicated by its title. . . . The author presents his subject in a clear, practical manner, and
seems to leave nothing unexplained that is necessary to make the book a thoroughly useful^

and easily assimilated authority, on which pit managers and others may rely for guidance
in case of catastrophe."

—

Wigan Examiner.
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GAS AND COAL DUST FIRING. A Critical Review of
the Various Appliances Patented in Germany for this purpose since
1885. By Albert Putsch. 130 pp., demy 8vo. 1901. Translated
from the German. With 103 Illustrations. Price 7s. 6d. ; India and
Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net, post free.

Contents.
Generators—Generators Employing Steam-—Stirring and Feed Regulating Appliances

—

Direct Generators—Burners—Regenerators and Recuperators—Glass Smelting Furnaces

—

Metallurgical Furnaces^Pottery Furnace—Coal Dust Firing.

Press Opinions.
"The work is worthy of perusal by all consumers of fuel. It is exceedingly well printed

and illustrated."

—

Chemical Trade Journal.
"The book will appeal with force to the manufacturer as well as to the technical student,

whilst It is also of far more than average interest to the general reader."

—

Halifax Guardian.
"The importance that gas and coal dust firing have attained of recent years, and especially

the great interest attaching of late to the question of coal dust firing, makes the appearance
of the present volume most opportune."

—

Iron and Coal Trades Revieii'.

"The German author has long followed the development of various systems of gas firing,
and in the present treatise he discusses the merits of appliances patented since 1885. His text
and the numerous illustrations indispensable to it will be found useful by all who are engaged
in practical work in the same field."— Sortlt British Daily .Mail.

" It has been a pleasure to read this little book, and though the author has to admit on the
last page that 'no important novel ideas have appeared of late in connection with the subject
of gas firing,' one feels that the translation has not been made in vain. . . . The volume forms
a useful aid to the would-be inventor of generators, as it warns him what to avoid and gives
some hints as to what to aim at."

—

Gas World.

Books on Plumbing, Decorating,
Metal Work, etc., etc.

EXTERNAL PLUMBING WORK. A Treatise on Lead
\\'ork for Roofs. By John W. Hart, R.P.C. 180 Illustrations. 270

pp. 1896. Price 7s. 6d. ; India and Colonies, 8s. ; Other Countries,
8s. 6d. ; strictly net, post free.

"Contents.
Chapters I., Cast Sheet Lead.— II., Milled Sheet Lead.— III., Root Cesspools.—IV., Socket

Pipes.—v., Drips.—VI., Gutters.—VII., Gutters (continued).—VIII., Breaks.—IX., Circular
Breaks.—X., Flats.—XL, Flats (continued).—XII., Rolls on Flats.—XIII., Roll Ends.—XIV.,
Roll Intersections.—XV., Seam Rolls.—XVI., Seam Rolls (continued).—XVIL, Tack Fixings.
—XVIIL, Step Flashings.—XIX., Step Flashings (continued).—XX., Secret Gutters.—XXL,
Soakers.—XX 1 1., Hip and Valley Soakers.—XXIIL, Dormer Windows.—XXIV., Dormer
Windows (continued).—XXV., Dormer Tops.—XXVI., Internal Dormers.—XXVI L, Skylights.
—XXVIIL, Hips and Ridging.—XXIX., Hips and Ridging (continued).—XXX., Fixings for
Hips and Ridging.—XXXI., Ornamental Ridging.—XXXIL, Ornamental Curb Rolls.—XXXIIL,
Curb Rolls.—XXXIV., Cornices.—XXXV., Towers and Finials.—XXXVL, Towers and Finials
(continued).—XXXVI L.Towers and Finials (continued).—XXXVI 1 1., Domes.—XXXIX., Domes
(continued).—XL., Ornamental Lead Work.—XLL, Rain Water Heads.—XLIL, Rain Water
Heads (continued).—XLUL, Rain Water Heads (continued).

Press Opinions.
"This is an eminently practical and well-illustrated volume on the management of external

ead work."

—

Birminf^ham Daily Post.
" It is thoroughly practical, containing many valuable hints, and cannot fail to be of great

benefit to those who have not had large experience."

—

Sanitary Journal.
"Works on sanitary plumbing are by no means rare, but treatises dealing with external

plumbing work are sufficiently scarce to ensure for Mr. Hart's new publication a hearty recep-
tion."

—

Thi Ironmonger.
" With Mr. Hart's treatise in his hands the young plumber need not be afraid of tackling

outside work. He would do well to study its pages at leisure, so that he may be ready for it

when called upon."

—

Ironmongery.
"The publication of this book will do much to stimulate attention and study to external

plumbing work, for it is a book which we can heartily recommend to every plumber, both old

and young, who desires to make himself proficient in the several branches of his tradef We
can heartily recommend the book to plumbers and architects."

—

Sanitary Record.
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HINTS TO PLUMBERS ON JOINT WIPING, PIPE
BENDING AND LEAD BURNING. Third Edition,
Revised and Corrected. By John W. Hart, R.P.C. 184 Illustrations.

313 pp. 1901. Price 7s. 6d. ; India and Colonies, 8s. ; Other Countries,.

8s. 6d. ; strictly net, post free.

Contents.
Introduction.—Chapters I., Pipe Bending.— II., Pipe Bending (continued).— III., Pipe

Bending (continued).—IV., Square Pipe Bendings.—V., Half-circular Elbows.—VI., Curved
Bends on Square Pipe.—VII., Bossed Bends.—VIII., Curved Plinth Bends.—IX., Rain-water
Shoes on Square Pipe.—X., Curved and Angle Bends.—XI., Square Pipe Fixings.—XII..Joint-
wiping.—XIII., Substitutes for Wiped Joints.—XIV., Preparing Wiped Joints.—XV., Joint
Fixings.—XVI., Plumbing Irons.—XVII., Joint Fixings.—XVIII., Use of "Touch"' in Solder-
ing.—XIX., Underhand Joints.—XX., Blown and Copper Bit Joints.—XXI., Branch Joints.

—

XXII., Branch Joints (continued).—XXIII., Block Joints.—XXIV., Block Joints (continued).—
XXV., Block Fixings.—XXVI., Astragal Joints—Pipe Fixings.—XXVII., Large Branch
Joints.—XXVIII., Large Underhand Joints.—XXIX., Solders.—XXX., Autogenous Soldering.

or Lead Burning.—Index.

Press Opinions.
" Rich in useful diagrams as well as in hints."

—

Livcr'^ool Mercury.
"The papers are eminently practical, and go much farther into the mysteries they describe

than the title ' Hints' properly suggests."

—

Scotsman.
" The articles are apparently written by a thoroughly practical man. As a practical guide

the book will doubtless be of much service."

—

Glasgow Herald.
"A well got-up and well-done practical book. It is freely illustrated and is a reliable help ir>

respect of some of the most awkward work the young plumber has to perform."

—

The Iron-

monger.
" So far as the practical hints in this work are concerned, it will be useful to apprentices and

students in technical schools, as it deals mainly with the most important or difficult branches
of the plumber's craft, uti:., joint wiping, pipe bending and lead burning. . . . 'Hints' are the
most useful things to an apprentice, and there are many in this work which are not to be found
in some of the text-books."

—

English Mechanic.
" It is a book for the intelligent operative first of all, not a mere manual of instruction for

the beginner, nor yet a scientific treatise on the whole art of sanitary plumbing. The special

subject with which it deals is joint-making, the most important branch of the operative's work,
and into this topic the author goes with a thoroughness that is full of suggestion to even the
most experienced workman. There is no one who has to do with plumbing but could read the
book with profit."-

—

Ironmongery.
"22 Prvme Street, Hull, 24th November, 1894.

"Gentlemen,—Your books to hand for which accept my best thanks, also for circulars. I

myself got one of J. W. Hart's books on Plumbing from your traveller, and having looked
through the same I can safely recommend it as being the best book I have seen. .Mr. J. W.
Hart treats exhaustively upon soldering and pipe bending, which are two of the most essential

branches in the plumbing trade."

THE PRINCIPLES AND PRACTICE OF DIPPING,
BURNISHING, LACQUERING AND BRONZING
BRASS WARE. By W. Norman Browx. 35 pp. 1900.
Price 2s. ; Abroad, 2s. 6d. ; strictly net, post free.

Contents.
Chapters I., Cleansing and Dipping; Boiling up and Cleansing; Dipping.—II., Scratch-

brushing and Burnishing: Polishing; Burnishing.—III., Lacquering; Tools; Lacquers.

—

IV., Bronzing ; Black Bronzing ; Florentine Red Bronzing ; Green Bronzing.—Index.

Press Opinions.
" Mr. Brown is clearly a master of his craft, and has also the immense advantage of being

able to convey his instructions in a manner at once clear and concise."

—

Leicester Post.
"A thoroughly practical little treatise on the subject in all its branches, and one which

should be in the hands of every tradesman or amateur who has lacquering to do."

—

Iiish Builder..

"A successful endeavour has been made to show in the course of four cnapters of compara-
tively few words the most scientific and economical methods of treating brass ware. . . . The
book is prefaced with a contents list, and concludes with a complete index. It is substantially
bound, and should prove invaluable to gasfitters, decorators and ironmongers in country
towns, who at spring time and during the redecorating of a house undertake the work of
renovating the brass fittings."

—

Hardwareman.
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HOUSE DECORATING AND PAINTING. By W.
Norman Brown. Eighty-eight Illustrations. 150 pp. 1900. Price
3s. 6d. ; Indiafand Colonies, 4s. ; Other Countries, 4s. 6d. ; strictly net,

post free.

Contents.
Chapters I., Tools and Appliances.—II., Colours and Their Harmony.—III., Pigments and

Media.^IV., Pigments and Media.—V., Pigments and Media.—VI., Pigments and Media.

—

VII., Preparation of Work, etc.—VIII., Application of Ordinary Colour.—IX., Graining.

—

X., Graining.—XI., Graining.—XII., Gilding.—XIII., Writing'and ILettering.—XIV., Sign
Painting.—XV., Internal Decoration.—Index."

Press :Opinion.
"The author is evidently very thoroughly at home in regard to the technical subjects he has

set himself to elucidate, from the mechanical rather than the artistic point of view, although
the matter of correctness of taste is by no means ignored. Mr. Brown's style is directness
itself, and there is no tyro in the painting trade, however mentally ungifted, who could fail to
carry away a clearer graspjof the details of the subject after going over the performance."

—

Building Industries.

AJ HISTORY OF DECORATIVE ART. By W. Norman
Brown. Thirty-nine Illustrations.; 96' pp. 1900. Price 2s. 6d.

;

Abroad, 3s. ; strictly net, post free.

Contents. '

Chapters I., Primitive and Prenistoric Art.—II., Egyptian Art.—III., Assyrian Art.—IV.,
The Art of Asia Minor.—V., Etruscan Art.—VI., Greek Art.—VII., Roman Art.—VIII.,
Byzantine Art.— IX., Lombard or Romanesque Art.—X., Gothic Art.—XI., Renaissance Art.

—

XII., The Victorian Period.—Index.

Press Opinion.
"In the course of a hundred pages with some forty illustrations Mr. Brown gives a very

interesting and comprehensive survey of the progress and development of decorative art. It

cannot, of course, be pretended that in the limited space named the subject is treated ex-
haustively and in full detail, but it is sufficiently complete to satisfy any ordinary reader

;

indeed, for general purposes, it is, perhaps, more acceptable than a more elaborate treatise."

—

Midland Counties Herald.

THE PRINCIPLES OF HOT WATER SUPPLY. By
John W. Hart, R.P.C. With 129 Illustrations. 1900. 177 pp., demy
8vo. Price 7s. 6d. ; India and Colonies, 8s. ;'Other Countries, 8s. 6d.

;

strictly net, post free.

Contents.
Chapters I., Water Circulation.— II., The Tank System.—III., Pipes and Joints.—IV., The

Cylinder System.—V., Boilers for the Cylinder System.—VI., The Cylinder System.—VII., The
Combined Tank and Cylinder System.—VIII., Combined Independent and Kitchen Boiler.

—

IX., Combined Cylinder and Tank System with Duplicate Boilers.—X., Indirect Heating and
Boiler Explosions.—XI., Pipe Boilers.—XII., Safety Valves.—XIII., Safety Valves.—XIV., The
American System.—XV., Heating Water by Steam.—XVI., Steam Kettles|and Jets.—XVII.,
Heating Power of Steam.—XVIII., Covering for Hot Water Pipes.—Index.

.'Press Opinion.
" If all plumbers were to read this book, and if they followed the instructions given, there

would, we are sure, be fewer accidents from household boiler explosions, and many lives might
be saved. No doubt the majority of householders know or care little about the subject, but
any one who wishes to adopt the most up-to-date system of supplying hot water throughout
his house will be able to do so if he reads Mr. Hart's book and follows the instruction given.

It is a work that all who have charge of domestic water supply should study. It is a practical

nnd profitable book."

—

\\'ip;nn Observer.
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Brewing and Botanical.

HOPS IN THEIR BOTANICAL, AGRICULTURAL
AND TECHNICAL ASPECT, AND^ AS AN ARTICLE
OP COMMERCE. By Emmanuel Gross, Professor at

the Higher Agricultural College, Tetschen-Liebwerd. Translated
from the German. Seventy-eight Illustrations. 1900. 340 pp Price

12s. 6d. ; India and Colonies, 13s. 6d. ; Other Countries, 15s. ; strictly

net, post free. ,•

Contents.
PART I., HISTORY OF THE HOP. <f^
PART II., THE HOP PLANT; Introductory.—The Roots.—The Stem and Leaves.—

Inflorescence and Flower: Inflorescence and Flower of the Male Hop; Inflorescence an"*

Flower of the Female Hop.—The Fruit and its Glandular Structure : The Fruit and Seed.—
Propagation and Selection of the Hop.—Varieties of the Hop : (a) Red Hops ; (6) Green Hops

;

(c) Pale Green Hops.—Classification according to the Period of Ripening; 1. Early August
Hops: 2. .Medium Early Hops; 3. Late Hops.—Injuries to Growth : Malformations: Diseases
Produced by Conditions of Soil and Climate: 1. Leaves Turning Yellow, 2. Summer or Sun-
brand, 3. Cones Dropping OfF, 4. Honey Dew, 5. Damage from Wind, Hail and Rain ; Vegetable
Enemies of the Hop ; Animal Enemies of the Hop.— Beneficial Insects on Hops.
PART III., CULTIVATION. The Requirements of the Hop in Respect of Climate, Soil

and Situation : Climate : Soil : Situation.—Selection of Variety and Cuttings.—Planting a Hop
Garden: Drainage; Preparing the Ground; .Marking-out for Planting; Plantmg; Cultivation
and Cropping of the Hop Garden in the First Year.—Work to be Performed Annually in the
Hop Garden ; Working the Ground ; Cutting ; The Non-cutting System : The Proper Per-
formance of the Operation of Cutting : I. Method of Cutting : Close Cutting, Ordinary Cutting,
The Long Cut, The Topping Cut; II. Proper Season for Cutting; Autumn Cutting, Spring
Cutting; Manuring; Training the Hop Plant: Poled Gardens, Frame Training ; Principal
Types of Frames: Pruning, Cropping, Topping, and Leaf Stripping the Hop Plant; Picking,
Drying and Bagging.—Principal and Subsidiary Utilisation of Hops and Hop Gardens.—Life
of a Hop Garden ; Subsequent Cropping.—Cost of Production, Yield and Selling Prices.

PART IV.—Preservation and Storage.—Physical and Chemical Structure of the Hop Cone.
—Judging the Value of Hops.

PART v.—Statistics of Production.—The Hop Trade.—Index.

Press Opinions.
" The subject is dealt with fully in every little detail ; consequently, even the veriest tyro can

take away some useful information from its pages."

—

Irish Farmini; World.
" Farmers are but little given to reading; but nowadays brewers have to study their trade

and keep abreast of its every aspect, and as far as regards our trade, to them this book
especially appeals, and will be especially useful."

—

Licensed Victuallers' Gazette.
" Like an oasis in the desert comes a volume upon the above subject, by the Professor at

the Higher Agricultural College, Tetschen-Liebwerd, Germany, who has been fortunate
enough to obtain an excellent translator from the German in the person of .Mr. Charles
Salter. The paucity of works upon the history and cultivation of hops is surprising con-
sidering the scope it gives for an interesting and useful work."

—

Hereford Times.
"We can safely say that this book deals more comprehensively and thoroughly with the

subject of hops than any work previously published in this country. . . . No one interested in

the hop industry can fail to extract a large amount of information from Professor Gross's
pages, which, although primarily intended for Continental readers, yet bear very closely on
what may be termed the cosmopolitan aspects of the science of hop production."

—

South
Eastern Gazette.

"This is, in our opinion, the most scholarly and exhaustive treatise on the subject of hops,
their culture and preservation, etc., that has been published, and to the hop grower especially
will its information and recommendations prove valuable. Brewers, too, will find the chapter
devoted to ' Judging the Value of Hops ' full of useful hints, while the whole scope and tenor of
the book bear testimony to the studious and careful manner in which its contents have been
elaborated."

—

Brewers' Journal.
[See next Pag;e.
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" Considering the extent to which this country draws its hop supplies from abroad, this
translation of Professor Gross's volume will prove an interesting and instructive addition to
the library of any brewer or brewers' chemist, the more so as the work of translation has been
admirably carried out in simple and yigorous English. . . . The volume is one of a valuable
series of special technical works for trades and professions the publishers are issuing, and is

the first so far dealing with the brewing industry."

—

Burton Mail.
"A work upon the above subject must be welcomed if for no other reason than the dearth

of books dealing with so interesting a theme, but fortunately apart from this the book will

afford excellent reading to all interested in hops and their culture. Professor Gross takes one
over the whole field, by commencing with the earliest history of the plant—so far back as the
days of ancient Greece—and from both practical, theoretical and scientific standpoints, deals
with the cultivation, classification and formation of the hop. ... In speaking of the produc-
tion of new varieties sound information is given, and should be of value to those who are
always in search of improvements."

—

Hereford Journal.
"This work is, without doubt, the most thorough and extensive compilation on hops ever

yet offered to the public, and for this reason should be warmly welcomed and appreciated by
men interested in the subject. Although primarily written for those engaged in the industry
abroad, and mainly Continental in theory and practice, it nevertheless appeals to those con-
nected with the hop growing and brewing business in England, not only by way of a com-
parison, but also as an instruction. The volume is at once practical and scientific, is well
got up, and teems with illustrations and statistics. In a word, it is a book that should find

its way into the hands of all who are occupied in hop production and distribution at home

;

and it also contains valuable information and suggestions for the brewers themselves."

—

Brewers' Guardian.
"The value of a comprehensible and reliable text-book must be clearly apparent to every

scientific hop grower, and in this county of Kent—the chief hop-producing district of England,
for over 400,000 cwts. were grown here last season alone—its advice regarding the cultivation,

preservation and storage of the cones will be found extremely useful. Year by year scientific

education is becoming more and more essential to the training—in common with the re-

mainder of agriculturalists—of the hop planter. Continental and American competition, the
higher price and scarcity of hand labour and many other causes make it necessary that the
utmost should be extracted from a limited area of land. To accomplish this end all sorts of
devices must be resorted to in the matter of cultivation. The lesson imparted in this treatise

deals exhaustively with these ' devices '. .And therein lies the basis of its value : whereas one
man's life is ' made up of fails and successes,' here is to be found the collective successes,
tabulated results and logical inferences drawn from sources extending over the whole hop-
growing area of the world."

—

Kentish Gazette.

Public Libraries.
BRITISH LIBRARY YEAR BOOK, 1900-1901. A Record

of Library Progress and Work. 54 Illustrations. Crown 8vo, 345 pp.
1900. Edited by Thomas Greenwood. Price 3s. ; abroad. 3s. 6d. ; .

strictly net. post free.

Contents.
Notes for Library Committees. Contributed .Articles : The Library Rate. Some Points in

Library Planning—.Mr. Burgoyne. Library Classification—.Mr. Jast. Developments in Lib-
rary Cataloguing— .Mr. Quinn. Children and Public Libraries—.Mr. Ballinger. Fire Prevention
and Insurance—.Mr. Davis. The Educational Work of the Library Association—.Mr. Roberts.
The Library .Assistants' Association— .Mr. Chambers. British .Municipal Libraries established
under the various Public Libraries or Special .Acts, and those supported out of .Municipal Funds,
giving particulars of Establishment, Organisation, Staff, .Methods and Librarians. Table
showing the Rate, Income, Work and Hours of the Rate-supported Libraries. Statistical
.Abstracts. British non-.Municipal Libraries, Endowed, Collegiate, Proprietary and others,
showing date of Establishment, number of Volumes, Particulars of Administration, and Lib-
rarians. Library Associations and Kindred Societies.

Press Opinions.
" The book promises to be a really useful compendium of information which ought to be of

importance to everybody. "

—

Athcncuim.
" This valuable reference book is in every respect what a year book should be. . . . The

production of the volume is excellent."

—

\'ei.csaf^ent. Bookseller and Stationer.
"This is a handbook which tells the reader everything about public libraries, great and

small, in the United Kingdom. . . . The book is decidedly one of the best arranged volumes ever
published, and there is no doubt that the editor has been at great pains to obtain the latest

and most accurate information from all places. County, district and parish councils,
ministers of religion, and schoolmasters everywhere should make themselves acquainted with
its contents. Its perusal cannot fail to serve the ends of the library movement. The illustra-

tions, of which there is a large number, are very good."

—

Western (Cardiff) Mail,
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WORKS IN PREPARATION.

AGRICULTURAL CHEMISTRY. By Herbert Ingle, of
the Yorkshire College, Leeds.

TREATISE ON CLOTH FINISHING. By Robert
Beaumont, of Yorkshire College, Leeds.

INDIA-RUBBER; GUTTA PERCHA.

THE EXAMINATION OP MATERIALS USED IN DYE
ING. By P. Heermanx.

EVAPORATION, CONDENSATION AND COOLING.
Calculations of Dimensions of Apparatus. By E. Hausbrand.
Tables. For Chemists, Chemical and Mechanical Engineers.

THE CHEMISTRY OF SPINNING. Spinning, Washing,
Bleaching, Dyeing, Printing and Finishing. By Dr. G. von
Georgievics.

A TREATISE ON THE CERAMIC INDUSTRY. By
Emille Bourry. Translated and Edited by Wilton P. Rix, Ceramic
Specialist. [In the Press.

WEAVING MACHINERY. Three Vols. By Harry Nisbet.

COTTON COMBING MACHINES AND ALLIED PRO-
CESSES. By Thos. Thornley.

COTTON SPINNING. Series of Questions and Answers.
With Notes. By Thos. Thornley.

THE CHEMISTRY OF PIGMENTS. By E. J. Parry,
B.Sc, etc.

TEXTILE RAW MATERIALS AND THEIR PREPARA-
TION FOR SPINNING.

ANALYSIS OF RESINS AND BALSAMS. [In the Press.

WRINKLES FOR PAINTERS, DECORATORS, PAPER-
HANGERS AND OTHERS. By W. N. Brown.

SMOKE PREVENTION. By W. C. Popplevvell.

COLOUR TERMS : THEIR PROPER USE AND
MEANING. By David Paterson.

LEAD AND ITS COMPOUNDS. By Thos. Lambert.

The Publishers will advise when any of the above books are

ready to firms sending their addresses.
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SCOTT, GREENWOOD AND CO.

are Publishers of the following old-established and well-known

Trade Journals :

—

THE OIL AND COLOURMAN'S JOURNAL. The Orgai
of the Oil, Paint, Drysaltery and Chemical Trades. Home Subscript

tion, 7s. 6d. per year; United States, $2; Other Countries, 10s. per'

year.

THE POTTERY GAZETTE. For the China and Glass

Trades. Home Subscription, 7s. 6d. per year; United States, $2;

Other Countries, 10s. per year.

THE HATTERS' GAZETTE. Home Subscription, 6s. 6d.

per year ; Foreign Subscription, 9s. per year.

THE DECORATORS' GAZETTE AND PLUMBERS^
REVIEW. Home Subscription, 6s. 6d. per year; PoreignJ

Subscription, 9s. per'year.

19 Ludgate Hill, London, E.G.
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